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INTRODUCTION 


Of  fundamental  importance  to  an  understanding  of  the  auxin  control 
of  plant  growth  and  morphogenesis  Is  the  promotion  of  root  Initiation  In 
stems  by  these  compounds.  Since  treatment  of  the  basal  portion  of  stem- 
cuttings  with  auxin  substantially  increases  the  rooting  of  many  plants 
(25,  36,  37,  96,  107,  153,  159,  175),  it  would  seem  that  the  physiological 
basis  for  the  initiation  of  adventitious  rooting  may  lie  in  the  actual 
level  of  the  auxin,  native  or  applied,  in  the  tissues  (25»  32,  36,  37, 

^7,  55,  71,  73,  78,  156,  159,  171)  or  in  a balance  between  auxin  and 
certain  other  plant  constituents  (27,  33,  88,  76,  77>  92,  136,  142,  144, 
158,  167,  176),  particularly  purine  derivatives  (134,  135,  137). 

The  cellular  site  of  action  of  auxin  is  not  known.  Perhaps  there 
is  a direct  effect  of  auxin  at  the  site  where  rooting  occurs  (27,  32, 

78,  96).  Another  possibility  is  that  auxin  stimulates  mobilization  of 
root “promot I ng  substances  from  the  leaves  (96,  176).  These  substances 
would  then  presumably  be  translocated  basipetally  to  the  site  of  high 
cellular  activity  where  the  formation  of  adventitious  roots  takes  place. 

In  recent  years  evidence  has  accumulated  that  the  uptake  of  auxins  is  a 
two-step  process  (84,  125).  The  first  step  is  rapid  and  physical,  probably 
simple  adsorption.  The  second  step  is  relatively  slow,  steady,  more 
complicated,  and  appears  to  be  of  a metabolic  nature.  This  information 
has  been  gleaned  from  uptake  studies  with  intact  plants,  but  data  of 
this  kind  for  cuttings  are  almost  entirely  absent.  Moreover,  although 
the  effect  of  auxin  on  root  formation  is  well  defined  (32,  73,  91,  96, 
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107»  I19»  1 53 f 179) » very  little  is  known  of  the  relation  between  the 
fate  of  the  auxin  after  it  has  entered  plant  tissues. and  rooting.  The 
present  knowledge  of  the  metabolism  of  some  auxins,  e.g.,  indoleacetic 
acid  (lAA),  shows  that  an  oxidative  degradation  of  this  compound  as  well 
as  conjugation  with  other  compounds,  occurred  when  it  was  administered 
to  tissues  which  responded  to  its  application  (3,  5,  6,  7,  21,  50,  64, 

87,  101,  102,  115,  117,  118,  123,  124,  129,  154,  170,  I85).  Studies 
conducted  to  identify  products  of  lAA  oxidation  and  to  investigate  its 
pathways  in  metabolism,  however,  have  yielded  conflicting  results  (7, 

87,  102,  115,  151,  185,  186). 

Considering  the  needs  for  research  dealing  with  the  physiological 
aspects  of  the  effect  of  auxins  on  root  initiation,  and  that  a knowledge 
of  the  transport  of  auxins  is  essential  to  an  understanding  of  the  ways 
in  which  they  serve  to  integrate  the  whole  organism,  the  present  study 
was  designed  to  determine  the  relation  between  auxin  uptake,  accumula- 
tion, polar  transport,  and  metabolism,  and  the  rooting  of  tea  ( Camel  1 i a 
s i nens i s . (L.)  0.  Kuntze.  Tea  was  chosen  as  the  experimental  material 
because  of  the  comparatively  strong  concentration  of  auxin  needed  to 
stimulate  rooting  and  because  of  the  differences  in  the  rooting  response 
of  different  types  of  tea  to  auxin. 
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LITERATURE  REVIEW 
I ntroduct i on 

This  review  is  concerned  primarily  with  the  physiology  of  rooting. 
However,  since  structural  features  are  of  importance  in  understanding 
the  physiology  of  rooting  in  cuttings,  a brief  review  of  the  origin  of 
adventitious  roots  in  stems  is  included. 

Adventitious  Root  Formation  on  Stem  Cuttings 

The  origin  of  adventitious  roots  has  been  studied  in  many  types  of 
plants  (12,  48,  49,  153).  The  results  have  shown  that  roots  may  occur 
on  the  hypocotyl  of  a seedling  (73),  at  nodes  and  internodes  of  stems 
(9,  10,  12,  14,  28,  29,  30,  31,  35,  182),  and  on  roots  (10),  It  appears 
that  they  may  arise  either  in  connection  with  or  independent  of  buds 
(lO),  They  may  be  formed  in  young  organs  (embryos  and  intercalary 
meristems  in  Grami neae)  (9)  or  in  older  tissues  that  have  not  lost  their 
meristematic  potentialities  (9,  31,  121,  153). 

Most  adventitious  roots  arise  endogenously,  although  examples  of 
exogenous  origin  are  also  known  (30).  Adventitious  roots  may  arise  from 
pre-existing  primordia  which  have  remai ned . dormant  until  stimulated  to 
growth  (31),  or  they  may  be  from  new  formations  (153).  The  subject  of 
adventitious  root  formation  in  cuttings  has  been  explored  most  extensively 
in  connection  with  the  stimulation  of  rooting  by  growth-promot i ng  sub- 
stances (31,  153). 

Adventitious  roots  usually  are  initiated  in  the  vicinity  of  the 
differentiating  vascular  tissues  of  the  organ  which  gives  rise  to  them 


3 


4 


(121,  153).  If  the  organ  is  young,  the  adventitious  primordium  is  ini- 
tiated by  a group  of  cells  near  the  periphery  of  the  vascular  system  but 
in  older  organs,  the  seat  of  origin  is  often  located  near  the  vascular 
cambium  (I2l).  In  young  stems,  the  cells  forming  the  root  primordia  are 
commonly  derived  from  the  i nterfas icul ar  parenchyma  while  in  older  stems 
they  are  derived  from  a vascular  ray  (150).  At  other  times,  the  adventitious 
roots  appear  to  be  initiated  in  the  cambial  zone  (138). 

Often  the  seat  of  the  first  divisions  forming  a root  primordium  in 
the  stem  is  identified  in  the  literature  as  pericycle  (49).  In  many 
stems  the  region  formerly  defined  as  pericycle  is,  by  origin,  partially 
primary  phloem,  and  partially  i nterfasi cul ar  parenchyma  between  two 
strands  of  primary  phloem.  Some  authors  specifically  state  that  adven- 
titious roots  arise  in  the  phloem  region  (130,  138),  However,  variations 
in  the  origin  of  adventitious  roots  may  be  found  within  the  same  plant 
(181). 

The  origin  of  adventitious  roots  in  the  interfasicul ar  region,  in 
vascular  rays,  and  in  the  cambium  places  the  young  root  close  to  both 
xylem  and  phloem  of  the  parent  axis  and  apparently  facilitates  the 
establishment  of  vascular  connections  between  the  two  organs. 

Before  the  adventitious  root  emerges  from  the  stem,  it  differen- 
tiates a root  cap  and  the  usual  tissue  systems  found  in  the  body  of  the 
root  (49).  This  differentiation  is  similar  to  that  observed  in  the 
formation  of  lateral  roots  but  in  neither  case  has  the  formation  of  the 
vascular  connection  with  the  parent  axis  been  critically  studied.  When 
vascular  elements  differentiate  in  the  adventitious  root,  the  parenchyma 
cells,  or  other  cells  located  at  the  proximal  end  of  the  primordium. 
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differentiate  into  vascular  elements  and  provide  the  vascular  connection 
between  the  main  axis  and  the  initiating  organ.  Adventitious  roots 
originating  in  relatively  old  stems  may  grow  obliquely  through  the  outer 
tissues  of  the  stem,  probably  as  a result  of  the  resistance  offered  by 
sclerenchyma  in  the  phloem  or  just  external  to  it  (12).  Poor  rooting 
capacity  of  certain  kind  of  plants  has  been  related  to  a high  degree  of 
sclerif ication  (12).  It  is  obvious  that  if  a correlation  exists  between 
the  degree  of  sclerif ication  of  the  primary  phloem  and  rooting  capacity, 
the  rooting  of  difficult  subjects  might  be  facilitated  by  using  very  young 
shoots,  taken  before  the  cells  of  the  primary  phloem  system  become 
1 ignif led. 

It  has  long  been  known  that  the  formation  of  callus  and  the  forma- 
tion of  roots  are  independent  of  each  other.  In  1898,  Corbett,  as  quoted 
by  Smith  (138),  presented  evidence  that  callus  tissue  was  not  concerned 
with  production  of  roots  and  further  stated  that  "the  root  takes  its 
origin  in,  and  is  an  extension  of,  the  active  formative  material  of  the 
cambium  layer  in  woody  materials  such  as  grape  and  currant," 

Callus  growth  (7^).  an  irregular  mass  of  parenchyma  cells  in 
various  stages  of  proliferation,  generally  arises  from  cells  in  the 
region  of  the  vascular  cambium  and  adjacent  phloem,  although  various 
cells  of  the  cortex  and  pith  may  also  contribute  to  its  formation. 
Frequently,  the  first  roots  penetrate  through  callus,  leading  to  the 
belief  that  callus  formation  is  essential  for  rooting. 

As  will  be  discussed  later,  the  relation  of  auxin  and  other  factors 
to  callus  growth  is  different  from  the  relation  of  these  substances  to 
root  initiation  and  growth  (8,  13i  23 » 24,  25*  27*  37*  59*  89*  90,  132, 
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175,  176,  180).  This  lends  support  to  the  idea  arising  from  histological 
(32,  62,  73),  morphological  (I2l,  130,  142,  150,  153),  and  gross  observa- 
tions (74,  79,  113,  153)  on  rooting  that  optimum  conditions  for  good  cal- 
lusing may  not  be  optimum  conditions  for  good  rooting. 

General  Consideration  of  the 
Physiology  of  Rooting 

The  physiology  of  root  formation  in  cuttings  has  been  reviewed  by 
Burstrom  (25),  Mitchell  and  Marth  (107)  and  the  importance  of  auxins 
has  been  recognized.  These  growth  substances  were  originally  shown  to 
be  involved  in  rooting  by  Went  (175),  using  etiolated  pea  epicotyls. 

The  name  rhizocaline  was  first  suggested  (74)  for  a rooting  substance 
produced  by  the  leaves  in  the  presence  of  light  and  translocated  to  stems 
and  roots.  This  substance,  not  considered  a plant  nutrient,  was  thermo- 
stable. Also,  it  was  stored  In  cotyledons  and  buds  and  its  transport  was 
basipetally  polar.  The  activity  of  this  compound  In  forming  roots  followed 
auxin  activity  through  all  stages  of  chemical  testing  (179).  It  was 
concluded  that  the  root-forming  substance  was  either  identical  with,  or 
closely  related  to,  an  auxin.  Shortly  after  this  report  I ndol e-3 -acet i c 
acid  (lAA)  was  identified  as  a naturally  occurring  compound,  having 
considerable  auxin  activity  in  cultures  of  Rhi  zopus  (155).  Thus,  it 
was  logical  to  assume  that  lAA  was  involved  in  rooting.  Confirmation 
came  with  the  proof  (158)  that  synthetic  lAA  was  as  active  in  root 
formation  as  the  natural  auxin-containing  Rhi zopus  preparation.  In  this 
way,  it  was  shown  that  at  least  one  of  the  substances  causing  root 


formation  was  an  auxin. 
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Synthetic  lAA  (36,  1 58)  was  tested  further  for  its  activity  in 
promoting  root  Initiation  in  cuttings,  and  in  1935»  the  practical  use  of 
this  material  in  stimulating  the  rooting  of  stem  cuttings  was  demonstrated. 
In  this  same  year,  it  was  shown  that  naphthal eneacet i c acid  (NAA) , 
indolebutyric  acid  (IBA),  and  other  aromatic  acids  were  also  active 
In  promoting  adventitious  rooting  in  cuttings  (190),  Experience  has 
since  proved  that  NAA  and  IBA  have  been,  in  general,  the  most  effective 
for  stimulating  rooting  in  cuttings  of  many  plant  species  (25,  26,  ^2, 

107,  113,  142,  165,  187),  although  other  auxins  do  have  activity  in 
this  regard  (23,  25>  36,  75.  96,  159). 

The  physiological  basis  for  the  initiation  of  adventitious  root 
primordla  may  lie  in  the  actual  level  of  the  auxin  in  the  tissues  (57) 
or  i n a balance  between  auxin  and  certain  other  constituents.  It  has 
been  shown  (134,  135,  137)  that  in  segments  of  tobacco  stems,  when  the 
auxin  concentration  is  relatively  high,  formation  of  adventitious  roots 
will  be  favored  but  bud  formation  prevented.  When  other  plant 
constituents,  such  as  adenine  or  kinetin  (6-furfuryl  adenine),  are 
relatively  high,  bud  formation  is  suppressed.  When  both  auxin  and 
adenine  are  present  in  nearly  equal  proportions,  cell  proliferation 
(callus)  occurs  but  with  little  cellular  organization  (137).  This 
does  not  mean  that  other  factors  do  not  influence  rooting.  It  has 

been  shown  that  the  type  of  cutting  or  explant  (31.  53.  54,  71.  76,  79. 

92,  134,  144,  145,  168);  environmental  conditions  of  light  (54,  79.  90, 

92,  144,  160,  168,  191).  temperature  (44,  54,  71.  76,  79.  90,  92,  144, 

191),  moisture  (71,  79,  90,  92,  144,  I9I).  gases  (I88,  I89),  and  rooting 
media  (71,  79,  90,  92,  144);  vitamins  (77);  isolated  chemical  factors 
other  than  auxins  (I67,  176);  and  content  of  substrate  materials  in 
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the  tissues  (59i  79,  90,  13^,  1^4,  145,  153,  176)  also  affect  root 
development.  Many  of  these  factors  are  thought  to  have  only  a secondary 
influence  on  rooting  through  an  effect  on  auxin  and  cell  division  factors 
related  to  rooting  (96). 

In  some  cases  (100,  137,  179)  it  has  been  observed  that  very  high 
concentrations  of  auxin  are  needed  to  hasten  rooting.  This  could  be  due 
to  poor  uptake,  translocation  and  accumulation,  or  a rapid  rate  of 
metabolic  change  of  the  compound  to  non-auxinic  components,  as  has  been 
found  for  other  systems  influenced  by  auxins  (uptake:  2,  17,  ^0,  4l  , 52, 

84,  133,  140,  146,  I63,  172,  I83,  184;  translocation  and  accumulation: 

22,  38,  39,  52,  61,  63,  70,  72,  81,  95,  99,  103,  104,  109,  139,  146, 

152,  163,  166,  172,  173,  178,  183;  metabolism:  3,  4,  5,  6,  7,  8,  18,  43, 

50,  51,  52,  56,  57,  58,  60,  64,  65,  67,  78,  93,  101,  102,  108,  II2,  115, 
117,  118,  123,  129,  143,  149,  151,  154,  I6I,  I70,  174,  I85,  186).  Yet, 
a need  for  a higher  than  usual  level  of  auxin  might  also  be  due  to  the 
higher  content  of  certain  compounds,  such  as  phenols,  in  the  cuttings 
which  could  interfere  with  oxidative  phosphorylation  and  the  related 
metabolism  needed  for  cell  division  (120). 

In  other  cases  (25,  76,  96),  it  has  been  observed  that  very  low 
levels  of  auxin  are  needed  to  promote  rooting.  Here,  active  uptake, 
rapid  polar  translocation  and  stability  of  auxin  in  the  system  may 
contribute  to  this  response  (96).  Moreover,  the  tissues  may  contain 
substances  which  act  synerg i st i cal ly  with  auxin  on  rooting  (68,  69),  or 
they  may  contain  auxin-sparing  compounds  (20,  85),  or  the  metabolism  of  the 
tissue  may  be  in  a state  in  which  only  auxin  is  the  limiting  factor  (25). 

In  plant  cells,  a multitude  of  chemical  and  physical  changes  have 
been  observed  following  auxin  treatment,  none  of  which  have  yet  been 

connected  with  the  subsequent  growth  of  the  cell  (58).  Auxin  apparently 
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acts  on  the  protoplasmic  systems.  This  action  leads  to  an  altered  arrange- 
ment  of  cell  wall  components  (23,  25),  which  in  turn  leads  to  greater 
extensibility  of  cell  walls  (25)*  Among  other  effects  noted  are  decreases 
in  cytoplasmic  viscosity  (56),  an  increased  oxygen  consumption  (18,  45), 
altered  permeability  patterns  (162,  169),  altered  nucleic  acid  metabolism 
(137),  and  altered  carbohydrate  (105,  147)  and  organic  acid  metabolism 
(ll4,  l4l).  It  is  also  worthy  of  note  that  tissues  of  different  ages 
respond  differently  to  auxin  (122). 

Uptake  of  Auxins  by  Cuttings 

The  study  of  the  uptake  of  auxins  in  cuttings  is  of  great  interest 
in  connection  with  the  established  fact  that  these  substances  hasten  and 
facilitate  the  formation  of  adventitious  roots  on  various  plants.  It  may 
also  permit  an  approach  to  the  clarification  of  certain  physiological 
effects.  It  should  be  noted  that  much  attention  has  been  given  to  the 
absorption  of  auxins  by  intact  plants,  but  few  workers  have  investigated 
auxin  uptake  in  detached  parts  of  woody  plants. 

Preliminary  experiments  (53)  with  leaf-bud  cuttings  of  tea  in  the 
summer  of  1964  indicated  relatively  high  concentrations  of  NAA  are 
required. to  obtain  good  rooting  in  tea.  Additional  preliminary  experiments 
in  the  early  spring  of  1965  involving  the  treatment  of  softwood  tea  cut- 
tings with  NAA  showed  that  root  production  was  greatly  increased  with 
5,000  ppm  of  the  auxin.  A further  desirable  effect  was  the  inhibition 
of  bud  growth  during  the  root-production  stage. 

Skoog  (133)  reported  that  the  uptake  of  auxin  by  the  roots  of 
tomato  plants  was  proportional  to  the  concentration  supplied  in  the 
external  solution  over  a wide  range  of  concentrations.  Various  factors 
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such  as  rate  of  transpiration,  pH,  and  concentrations  of  salts  influenced 
the  uptake  of  auxin  from  the  external  solutions.  Albaum,  Kaiser,  and 
Nestler  (2),  who  studied  the  effects  of  H-ion  concentration  on  the 
penetration  of  lAA  into  Nitel la  cells,  found  that  the  curve  representing 
the  velocity  of  penetration  as  a function  of  pH  coincided  with  the  dis- 
sociation curve  for  lAA.  They  concluded  that  this  substance  entered 
the  cells  in  the  form  of  undissociated  molecules,  and  considered  that 
diffusion  fully  accounted  for  their  observations.  Sutter,  as  quoted  by 
Reinhold  (125),  conducted  a study  of  the  uptake  of  lAA  by  the  tissues  of 
a higher  plant.  Experiments  with  submerged  Cucumis  hypocotyls  led  her 
to  conclude  that  the  uptake  of  auxin  from  the  medium  was  solely  the  result 
of  diffusion  into  the  tissue.  Her  evidence,  however,  was  not  entirely 
concl us i ve. 

Cooper  (37),  using  'Eureka'  lemon  and  'Delicious'  apple  stem  cut- 
tings, some  of  which  had  been  treated  at  the  apex  and  some  at  the  base 
with  lAA,  found  large  amounts  of  auxin  in  the  bark  immediately  after 
treatment,  but  about  90  per  cent  of  the  auxin  disappeared  from  the 
tissue  during  the  first  day.  Very  little  auxin  was  recovered  from  the 
bark  at  the  apex  of  cuttings  which  had  been  treated  at  the  base  with 
0.001,  0.005,  or  0.02  per  cent  solutions  of  lAA.  Moderate  amounts  of 
auxin  were  recovered  from  the  base  when  the  cuttings  were  treated  at 
the  apex  with  these  solutions;  however,  with  the  0.02  per  cent  solution, 
the  amount  recovered  at  the  base  was  smal 1 when  compared  to  that  at  the 
apex.  Also  the  0.02  per  cent  solution  applied  at  the  base  of  lemon 
cuttings  was  the  only  treatment  of  those  tested  that  gave  a significant 
increase  in  root  formation  over  the  controls.  There  was  little  difference 


in  the  amount  of  auxin  recovered  from  treated  apple  and  lemon  cuttings, 
yet  the  apple  cuttings  did  not  form  roots  with  any  of  the  solutions 
tested . 

As  shown  by  numerous  workers  (11,  17.  84,  125.  133.  166,  172),  the 
uptake  of  auxin  may  be  quite  complicated.  Reinhold  (125),  studying  the 
uptake  of  lAA  by  pea-epicotyl  segments  and  carrot  disks,  concluded  that 
uptake  was  not  a simple  diffusion  process.  She  maintained  that  two 
processes,  or  groups  of  processes,  appeared  to  be  involved,  one  physical 
and  the  other  metabolic,  Johnson  and  Bonner  (84)  reported  that  the  up- 
take of  labeled  2,4-d i chi orophenoxyacet i c acid  (2,4-D)  by  Avena  coleop- 
tile  tissues  consists  of  three  separate  processes.  The  first,  completed 
in  20-30  minutes,  resembled  a diffusion  into  the  tissue  in  the  sense 
that  2,4-d  taken  up  by  this  process  was  readily  leached  to  the  outside 
solution.  The  second,  also  a rapid  process,  resembled  a physical 
binding  since  2,4-D  could  be  removed  by  exchange  with  unlabeled  2,4-D. 
The  third  phase  of  2,4-D  uptake  was  a continuing  adsorption,  maintained 
at  a steady  rate  for  several  hours,  with  accumulation  by  the  tissue  to 
a concentration  higher  than  that  in  the  external  medium.  Both  the 
exchangeable  binding  and  the  continuing  uptake  of  2,4-D  were  inhibited 
by  the  presence  of  a high  concentration  of  a second  auxin,  e.g,,  lAA, 
Uptake  of  2,4-D  was  influenced  less  by  this  substance,  however,  than 
was  growth  of  the  coleoptlle  Induced  by  2,4-D. 

Andreae  and  van  Ysselsteln  (4)  observed  that  the  fate  of  lAA  ap- 
plied externally  to  pea  epicotyls  differed  from  that  of  lAA  which  was 
already  in  the  tissues.  When  lAA  was  taken  up  from  solution,  only 
about  20  per  cent  of  the  lAA  which  disappeared  from  the  solution  could 
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be  accounted  for  as  Sal kowski -react i ve  material  in  the  tissues.  These 
substances  were  chiefly  lAA  and  i ndol eacety 1 aspart i c acid.  Their 
relative  amounts  depended  upon  the  concentration  of  applied  lAA  with 
very  little  or  no  free  lAA  detected  when  low  concentrations  were  used. 

Turetskaya  (I63)  reported  that  NAA  was  absorbed  in  cuttings  of 

different  plants  to  varying  degrees.  In  cherry  cuttings,  which  root 

with  greater  difficulty  than  those  of  black  currant  or  balsam,  absorption 

of  NAA  was  relatively  weak.  Labeled  NAA  was  absorbed  in  the  cortical 
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zone  of  cherry  cuttings  and  only  at  the  beginning  of  rooting  was  C 
observed  in  other  stem  tissues.  NAA  penetrated  into  all  stem  tissues 
of  black  currant  cuttings  directly  after  treatment  and  persisted  there 
up  to  a stage  of  good  rooting.  Fang  and  Butts  (50),  working  with 
carboxyl -c' ^-1 abel ed  lAA  in  bean  plants,  showed  that  only  10  to  14  per 
cent  of  the  activity  was  absorbed  and  transported  to  the  other 
parts  during  a l4-day  experimental  period.  Strydom  and  Hartmann  (146) 
observed  no  difference  in  the  amount  of  lAA  taken  up  by  leafy  and  leaf- 
less plum  stem  cuttings  treated  with  lAA  by  dipping. 

Auxin  uptake  from  solution  by  whole  plants  or  cuttings  is  increased 
by  a high  transpiration  rate,  which  in  turn  is  promoted  indirectly  by 
strong  light.  Thimann  and  Wardlaw  (I60)  concluded  that  high-intensity 
light  greatly  promoted  the  accumulation  of  lAA  in  green  tissues.  Wet- 
ting agents,  a low  pH,  and  an  oil/water  partition  coefficient  in  the 
direction  of  oil  are  all  influencing  the  uptake  of  auxins  favorably 
(166).  The  effect  of  pH  on  uptake  of  auxin  was  similar  to  that  found 
for  other  organic  acids  (l3l)- 
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Translocation  and  Site  of  Accumulation  of  Auxins 
A principal  factor  molding  the  morphology  and  physiology  of  higher 
plants  is  the  correlative  influence  of  auxin.  Inherent  in  the  correlative 
effects  of  auxin  is  the  mode  of  transport  of  auxin.  The  transport  system 
for  auxin  not  only  establishes  the  distribution  pattern  of  auxin  through- 
out the  plant,  but  provides  a powerful  vector  in  the  forces  establishing 
the  polarity  of  plant  growth  and  development  (97)- 

As  a feature  of  plant  development,  the  active  transport  of  auxin 
is  especially  interesting  because  it  causes  more  or  less  polar  distribu- 
tion through  plant  organs,  providing  a basis  for  hormonal  influences  by 
one  part  of  the  plant  on  another  part  (96).  Thus,  in  respect  to  the 
relation  between  root  and  shoot  formation,  the  initial  differentiation 
of  meristematic  tissue  is  determined,  at  least  in  part,  by  the  local 
concentration  of  auxin;  shoots  developing  at  lower  and  roots  at  higher 
concentrations  (113)- 

With  the  advent  of  isotopic  tracer  methodology  (19,  ^6,  152,  157, 
163,  166,  183)  and  techni  ques  for  the  fractionation  of  minute  quantities 
of  a compound  from  a mixture  (66,  88,  127,  128,  16^)  research  on  uptake, 
distribution,  and  utilization  of  auxins  has  taken  on  added  significance. 

It  has  been  established  by  means  of  many  experiments  (81,  82,  109, 
177)  that  the  translocation  of  native  auxins  is  strongly  polar. 

The  first  investigation  along  this  line  was  done  by  Went  (I78). 

In  subsequent  experiments  by  others  (190)  it  was  shown  that  synthetic 
auxins  were  capable  of  translocation  not  only  from  top  to  bottom,  but 
also  from  bottom  to  top,  Hitchcock  and  Zimmerman  (80)  observed  that 
when  indole  and  naphthol  compounds  in  crystalline  form  were  introduced 
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into  the  soil,  they  entered  the  roots  and  were  translocated  throughout 
the  entire  plant.  These  substances  caused  a vigorous  development  of 
roots  along  the  entire  stem,  curvature  of  stems,  and  epinasty  of  the 
leaves  in  tomato  and  tobacco  plants. 

Plant  (119)  observed  the  formation  of  roots  on  the  top  ends  of 
root  cuttings  of  ocean  cabbage  (Crambe  mar i t i ma)  when  these  were  treated 
with  a solution  of  lAA  (0.01%).  Treatment  of  the  apical  ends  of  such 
cuttings  with  a high  concentration  of  NAA  (0.02%)  gave  rise  to  root 
formation  along  the  entire  cutting  and  greatly  retarded  shoot  formation. 

In  order  to  decrease  the  content  of  auxins  in  the  cuttings,  a frequent 
decapitation  was  performed  on  the  apex  and  the  base.  This  resulted  in  the 
formation  of  roots  first  at  the  base,  then  at  the  apex. 

The  disruption  of  polarity  in  the  formation  of  roots  and  shoots 
on  cuttings  with  the  aid  of  auxins  was  also  demonstrated  by  Zimmerman 
and  Hitchcock  (I89)  and  Went  (177).  In  Zimmerman  and  Hitchcock's 
experiments,  cuttings  of  marshmallow  (A1 thaea) . minus  shoots  and  treated 
with  vapors  of  indole  and  naphthol  compounds,  developed  roots  not  only 
at  the  base  of  the  cutting,  but  also  in  the  middle  and  on  the  tip. 

Went  (177)  succeeded  in  getting  roots  on  the  tip,  and  side  shoots  at  the 
base,  of  African  marigold  (Tagetes)  stem  cuttings  by  treating  them  with 
a solution  of  lAA  (0.01%).  In  this  case,  according  to  Went  (177)  a high 
concentration  of  auxin  caused  the  appearance  of  roots,  whereas  a low  con- 
centration of  these  substances  favored  shoot  development.  Such  an  effect 
of  auxins  has  been  explained  thus,  that  these  substances,  as  Mitchell  and 
Stuart  (106)  suggested,  promote  the  influx  of  food  materials  to  their 
places  of  use,  and  consequently  roots  develop  more  rapidly.  Thus,  it 
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c;pears  thaL  one  role  of  auxins  in  establishing  a poiarity  of  rooting 
on  cuttings  depends  upon  the  disturbance  of  tiie  usual  translocation 
of  substoiice 3 . As  is  well  known,  girdling  has  a similar  effect. 

Thera  is  cumulative  evidence  that  different  auxins  are  metabolized 
differently  by  different  cells  and  tissues  of  a plant  (l,  W] , 86,  1^2, 
I84,  l8o) . For  example,  phenoxy  compounds  seem  to  enter  and  move  in 
the  symplast,  and  they  appear  to  be  immobilized  in  living  parenchyma 
tissues,  as  are  food  reserves  (24).  This  may  place  a definite  limita- 
tion on  the  extent  of  their  movement  from  a given  source.  On  the  other 
hand,  there  is  evidence  that  auxin  transport  is  an  active  transport 
(96).  it  is  specific  for  lAA  and  only  a few  synthetic  auxins  (97,  103, 
173);  it  depends  on  metabolic  forces,  as  evidenced  by  its  sensitivity 
to  metabolic  inhibitors  (45,  1 1 0)  ; it  is  specifically  inhibited  by 
various  sul hydryl -I nact i vat i ng  compounds,  and  reaches  maximal  Inhibition 
with  the  trichlorinated  phenoxyacet I c acids.  Niedergang-Kamien  and 
Leopold  (ill)  mentioned  in  this  respect  that  the  tr.nnsport-i  nhi  bi  t ion 
affects  may  be  related  to  adsorptive  or  chemical  interference  at  some 
transport  site  of  attachment. 

Turetskaya  (I63)  followed  the  distribution  of  1^^'  in  softwood  and 
hardwood  cuttings  of  various  species  treated  with  I '^'-labeled  p-iodo- 
phenoxyacet I c acid.  In  bordwood  cuttings,  the  maximum  accumulation  of 
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I occurred  in  the  base  of  the  stem  where  the  roots  were  formed. 

1 3 1 

Decreasing  amounts  of  I were  found  in  xylem,  bark,  and  buds,  in  that 
order.  Turetskaya  (I63)  followed  the  movement  of  NAA  labeled  in  the 
carboxyl  position  with  in  leafy  cuttings  of  balsam,  cherry,  and 

In  cherry  cuttings,  15  hours  after  treatment,  appeared  in 


currant . 
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the  areas  of  treatment  or  else  a bit  higher  on  the  stem,  while  at  the 
same  time  in  the  easily  rooted  cuttings  of  currant  and  balsamine,  NAA 
had  entered  not  only  the  area  of  treatment,  but  had  been  transported 
a good  distance  along  the  stem  and  had  even  penetrated  into  the  leaves. 
Also,  Strydom  and  Hartmann  (l46),  using  I AA  with  labeled  at  4,000 
ppm  in  plum  stem  cuttings,  found  movement  of  the  auxin  in  both  acropetal 
and  basipetal  directions.  In  leafy  cuttings  the  radioactivity  was 
distributed  throughout  the  entire  cutting  24  hours  after  treatment. 

Although  the  existence  of  polar  auxin  transport  through  plant 
tissues  was  established  by  Went  (179).  the  mechanism  of  this  movement 
remains  unknown.  if  one  could  determine  what  physical  conditions, 
metabolic  states,  and  chemical  reactions  in  plants  are  necessary  for 
auxin  transport,  the  problem  would  be  well  on  its  way  to  clarification. 

Metabolism  of  Auxins  in  Stem  Explants 

Although  the  effects  of  application  of  auxins  on  morphological 
features  of  plants  are  well  defined,  very  little  is  known  of  their  fate 
after  they  have  entered  the  plant  tissues,  especially  as  related  to 
physiological  responses.  It  can  be  said  (94)  that  the  plant  has 
enzymes  capable  of  disposing  of  native  auxins  by  several  means,  but 
the  relative  importance  of  the  formation  of  complexes,  the  formation 
of  bound  auxins,  and  the  degradation  of  auxins  in  the  plant  are  not 
wel 1 known . 

The  type  and  magnitude  of  responses  obtained  with  auxins  would 
depend  upon  the  amount  of  the  compound  absorbed  by  the  plant,  the 
amount  translocated  within  the  plant,  detoxification  reactions,  and 
the  ability  of  the  plant  to  respond  to  the  amount  of  the  particular 
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chemical  that  becomes  present  at  the  site  of  action,  a factor  which  is 
still  unknown. 

In  1934Thimann  (157)  suggested  that  some  plant  tissues  could  cause 
the  disappearance  of  natural  auxins.  Since  then  many  mechanisms  have 
been  suggested  to  explain  enzymatic  oxidation  of  lAA  by  plant  extracts 
or  purified  enzymes  (115,  Il6,  123).  However,  as  noted  by  Briggs  et — aj_. 
(21),  there  are  conflicting  results  between  data  from  plant  extracts  and 
from  partially  purified  enzyme  preparations.  Tang  and  Bonner  (154)  sep- 
arated an  enzyme  system  from  peas  which  carried  out  the  oxidative  degra- 
dation of  lAA,  Andreae  and  Good  (3),  working  with  pea  stems  and  roots, 
observed  the  exogenous  I AA  was  largely  converted  in  the  tissue  into  an 
ether-insoluble  substance  which  gave  a characteristic  stable  color  with 
Salkowski  reagent  and  was  not  affected  by  the  I AA  oxidase  of  peas.  This 
substance  was  identified  as  i ndol eacety 1 aspart i c acid  (lAAspA).  The 
mechanism  of  formation  of  lAAspA  appears  to  be  linked  to  respiration, 
as  its  production  ceased  in  absence  of  oxygen  (4),  It  is  possible  that 
the  reaction  may  require  the  intermediate  formation  of  an  indole-acetyl 
coenzyme-A  thioester,  which  then  reacts  with  aspartic  acid  to  give  lAAspA 
by  a process  analogus  to  the  formation  of  hippuric  acid.  Andreae  and 
co-workers  (3,  4,  5),  based  on  their  previous  results  and  the  results  of 
others  (129,  154),  suggested  that  the  toxic  action  of  lAA  may  be  related 
to  the  accumulation  of  free  lAA  in  the  tissues,  which  appeared  in  turn  to 
be  related  to  the  rate  of  lAAspA  formation.  Both  lAAspA  formation  and 
growth  became  maximal  at  the  same  concentration  of  applied  lAA  (about 
0.6  X lO"^  M) . With  lowe-  concentrations  almost  all  the  lAA  found  in 
the  tissues  was  present  as  lAAspA.  Only  with  the  higher,  growth-inhibitory 
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concentrations  did  free  lAA  accumulate  in  the  tissues  to  any 
extent . 

Andreae  and  vam  Yssel stein  (6),  studying  lAA  metabolism  by  roots, 
found  that  whereas  tips  of  intact  roots  accumulated  lAAspA  at  a rate 
considerably  greater  than  did  epicotyl  segments,  excised  root  tips  almost 
entirely  lost  this  ability.  The  addition  of  Ca’*"'’  or  certain  other 
divalent  ions  in  combination  with  sucrose  completely  restored  the 
ability  of  roots  to  accumulate  lAAspA  but  had  no  effect  on  this  process 
in  epicotyls.  The  disappearance  of  lAA  from  the  tissues  appears  to  be 
related  almost  entirely  to  its  conjugative  activity.  It  was  found  that 
the  degradative  and  conjugative  activities  are  more  active  processes  in 
roots  than  in  epicotyls.  The  conjugative  activity  has  been  observed  to 
occur  only  in  intact  tissues,  while  in  homogenized  tissue  extracts  the 
lAA  molecule  was  degraded  by  oxidative  decarboxylation,  ring  opening,  or 
both  (123)  . 

1 4 

With  the  use  of  lAA  labeled  with  C , new  methods  have  been 
developed  to  study  the  metabolism  of  auxin  per  se.  First,  the  presence 

1 4 \ 

of  C in  the  side  chains  (carboxylic  groups)  allowed  the  study  of  lAA 

decarboxylation  (50).  Use  of  lAA  labeled  with  in  the  -CH2~  of  its 

side  chain  gave  more  convincing  indications  of  auxin  enzymatic  destruction 

(115,  148).  Then,  the  availability  of  lAA  labeled  in  the  ring  by 

(alpha-position)  gave  rise  to  new  methods  of  measurement  of  lAA-oxidase 

activity  (115,  124)  and  ring  opening.  Fang  (51)  studied  the  effect  of 

1 4 

light  on  the  destruction  of  lAA-l-C  in  kidney  bean,  pea,  and  corn 

1 4 

plants.  The  rate  of  destruction  of  IAA-1-C  in  bean  and  pea  plants  was 
greatly  reduced  during  the  first  12-hour  period  in  the  dark  as  measured 
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by  the  production  of  respiratory  c'^02,  while  the  destruction  of  lAA  in 
the  corn  plants  was  completely  1 1 ght “dependent . 

Experiments  with  lAA  labeled  in  the  two  position  (alpha  or  methylene 

1 k 

carbon)  of  the  side-chain  (IAA-2-C  ) have  yielded  different  results  but 
the  systems  were  different.  Stutz  (l49) , using  a purified  enzyme  system 
from  Lupinus  a1bus  (L.) , obtained  no  €^^©2  production  but  recovered 
several  labeled  products.  Andreae,  Robinson  and  van  Yssel stein  (7) 
studied  the  metabolism  of  lAA  in  pea  roots  using  lAA  labeled  in  the  side 
chain  (lAA-l-c'^  or  IAA-2-c'^)  and/or  in  the  indole  nucleus  ( I AA“7a-c' ^) . 
They  found  that  lAAspA  was  the  only  metabolite  which  accumulated  in  the 
tissues  and  that  the  products  of  lAA  degradation  occurred  entirely  in 
the  culture  solution.  Three  decarboxyl ated  products  were  recognized, 
none  of  which  gave  a positive  reaction  with  Salkowski  or  Ehrlich 
reagents . 

Strydom  and  Hartmann  (l46),  using  cuttings  prepared  from  Marianna- 
2624  plum  that  were  treated  with  alpha-labeled  lAA,  showed  detectable 
amounts  of  radioactivity  in  the  respiratory  CO2  within  12  hours  after 
treatment.  Within  60  hours  the  respiratory  CO2,  precipitated  as  BaC^^03, 
yielded  675  net  counts  per  minute.  By  the  7th  day  this  value  had 
decreased  to  42  net  counts  per  minute.  The  respiratory  CO2  still 
showed  some  radioactivity  30  days  after  treatment.  Tissue  slices  of  the 
same  material  metabolized  IAA-2-c'^  very  readily  since  appreciable 
amounts  of  c'^02  were  detected  within  one  hour  after  treatment.  Homo- 
genates prepared  from  both  Intact  and  autoclaved  plum  tissue  showed  an 
apparent  destruction  of  lAA  as  measured  by  the  Salkowski  reaction. 
Peroxidase  activity  could  only  be  demonstrated  with  the  Intact  tissue. 

They  concluded  that  the  apparent  destruction  with  homogenates  was  due 
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to  an  interference  of  endogenous  phenolic  substances  with  the  Salkowski 
react i on. 

Geronimo,  Catlin,and  Maxie  (60) , studying  the  metabol i sm  of  IAA-2- 

C ^ to  plum  stem  tissues,  reported  that  the  maximum  C O2  production 

from  IAA-2-C^^  occurred  between  two  and  five  days  after  treatment  and 

was  not  the  result  of  increased  respiration  and  did  not  necessarily 

represent  a peak  in  auxin  destruction.  Considerable  IAA-2“C'^  was 

1 4 

metabolized  prior  to  appreciable  appearance  of  C O2.  in  extracted 
fractions,  over  70  per  cent  of  the  non-IAA-c'^  was  in  aromatic  compounds. 
The  low  content  of  organic  acid  and  sugar  fractions  could  be  accounted 
for  largely  by  quinic  acid  and  a non-sugar  unknown.  Extraction  for  indole 

1 4 

compounds  of  cuttings  treated  with  IAA-2-C  yielded  only  lAA  and  an 
unidentified  complex. 

Troxler  and  Hamilton  (I6I)  studied  lAA  metabolism  in  geranium 
stem-callus  cultures.  The  lAA  supplied  in  the  culture  medium  could 
not  be  detected  after  about  30  days,  at  which  time  growth  stopped. 

When  lAA-2-C^^  was  supplied,  two  ether-soluble  radioactive  metabolites 
in  addition  to  lAA  were  found  in  the  callus  tissue.  One  of  these  was 
tentatively  identified  as  lAAspA,  based  on  color  reactions  and  chroma- 
tography. Four  other  ether-soluble  metabolites  were  detected  in 
the  culture  medium.  Water-soluble  components  that  were  radioactive 

also  increased  in  both  the  callus  tissue  and  the  culture  solution  after 

14 

seven  to  14  days.  The  methylene  carbon  of  1AA-2-C  was  completely 
metabolized  by  the  cultures  and  radioactivity  disappeared  after  30  days. 
C^^02  was  detected  as  evolving  from  15"  or  28-day-old  culture  solutions 
when  lAA-l-c'^  was  added  which  indicated  that  lAA  was  degraded  by  extra- 


cel  1 ul  ar  enzymes . 
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Studies  with  auxin  oxidase  in  tissues  from  cultures  (143)  showed 
that  an  extra  cellular  lAA-oxidase  was  excreted  into  the  nutrient  medium 
by  root  callus  of  spruce  and  pea,  as  well  as  by  callus  tissues  of 
Parthenoci ssus  tricuspidata  induced  by  crown-gall  infection  (102).  An 
I AA-i nact i vat i ng  enzyme  from  Ephedra  callus  (l43)  was  found  in  both  the 
tissue  and  the  culture  medium, 

Klambt  (87),  studying  the  metabolic  products  of  labeled  lAA  and 
benzoic  acid  supplies  to  wheat  coleoptile  tissue,  observed  at  least 
eight  reaction  products  formed  from  labeled  lAA  with  a major  product 
being  identified  as  the  lAA-glucose  ester.  Following  separation  on 
paper  chromatograms,  two  other  spots  containing  radioactivity  remained 
at  the  origin  which  also  gave  positive  tests  as  esters  of  lAA,  Correspond 
i ng  reaction  products  were  also  obtained  from  the  benzoic  acid.  Klambt 
regarded  the  sugar  esterification  reactions  as  a detoxification  mechanism 
but  suggests  the  possibility  that  these  compounds  might  also  play  a key 
role  in  the  synthesis  of  cellulose, 

1 4 

The  use  of  lAA  labeled  with  C has  made  it  possible  to  complete 
the  degradation  schemes  of  lAA  by  enzymatic  processes  as  suggested  by 
Tang  and  Bonner  (154),  and  by  Galston  (56). 

The  formation  of  amino  acid  conjugates  with  auxin  has  also  been 
studied  with  acids  which  do  not  occur  naturally  in  plant  tissues  but 
are  physiologically  active  auxins,  such  as  NAA  and  2,4-D,  and  with 
inactive  acids  such  as  benzoic.  When  pea  epicotyls  were  incubated 
with  labeled  NAA,  Zenk  (l85)  observed  an  active  uptake  (inhibited  in 
an  N2  atmosphere  and  by  chloramphenicol)  of  the  NAA  with  up  to  95  per 
cent  of  the  accumulated  acid  being  converted  to  the  acetyl aspart i c acid 
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derivative.  The  rate  of  formation  of  this  compound  could  be  increased 
by  preincubation  of  the  tissues  not  only  with  NAA,  but  also  with  lAA, 
2,4-D,  or  benzoic  acid.  These  results  suggested  the  existence  of  an 
L-aspartic  acid  acylase  whose  adaptive  formation  could  be  induced  by 
pretreatment  with  any  of  the  acids  tried. 

Sudi  (151)  also  studied  the  pretreatment  induction  effect  of  a 
large  number  of  carboxylic  acids  on  the  stimulation  of  complex  forma- 
tion between  aspartic  acid  and  labeled  I AA  or  NAA,  using  a wider  range 
of  concentrations.  He  found  that  lAA,  NAA,  2,4-D,  and  2,3 ,6-tr i i do- 
benzoic  acid,  all  active  as  auxins,  were  effective  in  reducing  the  lag 
period  of  i ndol eacety 1 aspart i c acid  formation,  while  2,4-d i chi orophenoxy- 
iso-butyric  acid,  3 >5"di chi orophenoxyacet i c acid,  benzoic  acid,  and 
trans-cinnami c acid  (non-auxi ni c)  were  all  ineffective.  Sudi  pointed 
out  that  compounds  effective  in  reducing  the  lag  period  of  the  aspartic 
acid  complexes  are  all  active  as  auxins,  while  those  that  were  not  ef- 
fective are  not  active,  even  though  in  some  cases  they  were  very  closely 
related  structurally  to  the  effective  acids.  Although  these  acids 
varied  greatly  with  respect  to  their  ability  to  induce  more  rapid 
formation  of  the  lAA-or  NAA-aspartic  derivatives,  none  of  them  affected 
the  rate  of  total  radioactivity  uptake  of  the  labeled  auxins. 


MATERIALS  AND  METHODS 


Plant  Material 

Clonal  material  from  Camellia  sinensis  (L,)  0.  Kuntze  of  the 
Assam  and  Chinese  types  of  tea  was  used.  The  former  was  difficult 
to  root  and  the  latter  easily  rooted  under  the  conditions  of  these 
tests.  Both  clones  were  vigorous  growers. 

Material  for  the  various  tests  were  stem  cuttings  prepared  from 
nine-month-old  plants.  These  cuttings  were  made  by  severing  the 
apical  portion  of  the  shoot  at  the  site  of  the  first  fully  expanded 
leaf,  followed  by  a second  cut  about  four  inches  down  the  shoot.  The 
cuttings,  with  two  to  three  leaves,  were  used  immediately  and  not  more 
than  ten  minutes  elapsed  between  preparation  of  the  cuttings  and 
treatments.  These  cuttings  were  used  to  determine  the  degree  of 
stimulation  of  rooting  caused  by  NAA,  the.  site  of  adventitious  root 
formation,  and  NAA  uptake,  translocation  and  accumulation.  For  the 
studies  on  the  possible  polarity  of  auxin  movement,  the  stem  of  the 
primary  cutting  was  subdivided  into  0.5  to  1.5  inch  pieces.  For  studies 
with  breis  and  extracts,  only  cutting  of  the  primary  stem  was  used. 

In  the  treatments  where  materials  were  applied  to  the  cutting  by 
dipping,  the  basal  one-inch  of  the  stem  was  placed  in  a solution  with 
or  without  addendum  for  ten  seconds.  The  solution  adhering  to  the 
surface  of  the  cutting  was  allowed  to  evaporate;  this  usually  required 
about  five  minutes.  Cuttings  to  be  used  in  short-term  experiments  were 
wrapped  in  moist  filter  paper.  Cuttings  for  long-term  experiments  were 
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placed  in  the  greenhouse  in  a propagating  bed  of  (3:1)  perlite  and 
peat,  and  subjected  to  mist  in  a system  of  five  seconds  on  and  55 
seconds  off.  The  tests  were  conducted  so  a statistical  analysis  of 
variance  could  be  applied  to  the  data  (34),  There  were  four  replica- 
tions and  ten  cuttings  per  treatment. 

In  the  experiment  where  the  effect  of  auxin  concentrations  and 
type  of  cutting  were  studied,  NAA  at  0.0,  300,  1,000,  3,000,  10,000, 
and  30,000  ppm  were  used.  The  two-leaf  cuttings  were  made  up  as 
described  above  and  divided  in  five  groups  according  to  their  original 
position  on  the  shoot.  The  cutting,  made  up  from  the  apical  portion 
of  the  shoot  starting  at  the  site  of  the  first  fully  expanded  leaf, 
was  named  as  segment  1;  the  second  portion,  going  down  along  the  shoot, 
as  segment  2,  and  so  on. 

Anatomical  and  Morphological  Techniques 
Concurrent  with  the  above  experiments,  additional  cuttings  were 
made  for  periodic  anatomical  studies.  After  five  days  from  the  start 
of  the  treatments,  samples  of  cuttings  were  collected  daily,  Determina 
tionsof  the  origin  of  root  initials  and  the  initiation  of  cell  division 
were  made  by  procedures  outlined  by  Johansen  (83)  and  Sass  (126),  The 
killing  and  fixing  of  the  tissues  were  done  with  standard  FAA,  Cross- 
sections  of  the  stem  were  obtained  by  free-hand  sectioning.  After  par- 
lodion  infiltration,  staining  was  carried  out  with  a combination  of 
saf ranin-fast  green.  Photomicrographs  of  the  preparations  were  made 
with  Kodachrome  II,  using  a Spencer  microscope  equipped  with  a Kodak 
camera  having  a blue  filter. 
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Techniques  for  Uptake,  Translocation 
and  Accumulation  Studies 

<=^-Naphthal eneacet i c acid  labeled  with  carbon-14  in  the  carboxyl 
position  (NAA-1-C^^)  was  used.  This  compound  was  obtained  from  Nuclear 
Equipment  Chemical  Corp. , Farmingdale,  N.Y.,  and  3*6  mg  contained  0.3 
millicuries  of  (specific  activity,  0.l6  millicurie  per  millimole). 

-3 

This  material,  plus  enough  unlabeled  NAA  to  make  a 10  M solution  of 
the  auxin,  was  dissolved  in  17-7  ml  of  distilled  water. 

To  test  for  absorption,  translocation,  and  site  of  accumulation 
of  the  labeled  auxin  in  the  cuttings  by  autoradiographic  procedures, 
samples  of  four  cuttings  each  of  the  Assam  and  Chinese  types  of  tea  were 
taken  at  time  intervals  of  one,  two,  four,  and  eight  days.  In  each 
case,  the  cuttings  were  divided  into  1-inch  segments.  Each  sub-sample 
was  fixed  in  FAA;  cross-sectioned  and  median,  longitudinal  sectioned. 
Sections  were  mounted  on  slides  covered  with  a thin  mylar  film.  The 
sections  covered  by  the  thin  film  were  placed  next  to  no-screen.  X-ray 
film  to  obtain  autoradiograms  of  the  tissues.  Similar  tests  for  chroma- 
tographic separation  and  radioactive  detection  by  GM  counting  were 
conducted  using  12  cuttings  of  each  type  of  tea.  Samples  were  taken 
at  the  following  time  intervals:  1,  4,  8,  16,  and  24  hours,  4 and  8 days. 
The  samples  from  each  time  were  grouped  as  follows:  l)  four  cuttings 
were  extracted  in  80  per  cent  ethanol  for  30  minutes  and  the  extracts 
fractionated  on  Eastman  thin-layer  chromatogram  sheets  (Type  K-3OIR2), 
using  as  solvent  systems  benzene-acetic  acid-methanol,  1:1:1,  v/v/v, 
and  i sopropanol -water , 8. 5:1. 5,  v/v;  and  2)  eight  cuttings  were  dried, 
ground,  and  placed  in  planchets  to  be  counted  with  a Tracer-lab  counter. 
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model  TGC-14  equipped  with  a GM  thin-window  tube,  and  with  an  automatic 
sample  changer. 

In  order  to  determine  grossly  the  site  of  accumulation  of  the 
NAA-l-c'^  stem  pieces  treated  with  NAA-l-C^^  were  divided  into  three 
portions:  1)  epidermis  and  parenchymatous  layer,  2)  vascular  system 

except  the  primary  xylem,  and  3)  primary  xylem  and  pith.  Each  portion 
was  uniformly  ground,  dried  in  planchets  and  the  activity  counted  as 
previously  described. 

Auxin  movement  in  both  acropetal  and  basipetal  directions  was 

determined  using  tea  stem  pieces  1.5  inches  long.  All  determinations 

were  conducted  at  room  temperature  ('v25°C)  in  complete  darkness  for  a 

duration  of  four  hours.  Small  agar  discs  were  formed  by  placing  1 per 

cent  liquified  agar  into  small  glass  tubing  of  10  mm  diameter,  extruding 

the  agar  after  solidification,  and  cutting  it  into  discs  2 mm  thick. 

14  + 

Each  agar  disc  contained  NAA-1 -C  yielding  10,200  - 200  cpm.  The 
donor  and  receiver  discs  were  placed  at  opposite  ends  of  sets  of  four 
segments  that  were  kept  in  an  upright  position.  In  some  sets,  the 
basal  ends  of  the  cuttings  were  next  to  the  donor  blocks  containing 
auxin,  and  in  other  sets,  the  apical  ends  were  next  to  the  donor  blocks. 
To  prevent  auxin  movement  along  the  surface  of  the  stem  pieces,  Dow 
Corning  stopcock  grease  (silicone  lubricant)  rings  were  applied  around 
the  middle  of  the  stem  sections  before  the  diffusion  period  began.  Three 
replicated  determinations  of  four  stem  sections  were  used  for  each 
treatment.  After  four  hours  of  diffusion  time,  the  samples  were  divided 
into  three  segments  of  0.5  mm  in  each  (apical,  middle,  and  basal  third), 
then  dried,  ground,  and  counted,  as  described  previously.  The  ratio  of 
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basipetal  to  acropetal  movement  was  estimated  from  the  radioactivity 
detected  in  the  stem  pieces. 

Determination  of  Decarboxylation  of 
NAA  by  Tissues  of  Tea 

1 4 1 4 

Techniques  of  trapping  and  counting  C O2:  Measurements  of  C 0^ 

by  scintillation  were  conducted  using  an  EKCO  Electronics  Liquid 

1 4 

Scintillator  counter.  Four  different  methods  of  C 0^  trapping  were 
tested. 

1 ) Hydroxide  of  Hvamine  10-X  Fp-fd i i sobutvl - 

cresoxvethoxvethvl ) dimethyl benzvl ammonium  hydroxide! 

Six  samples  (stem  pieces)  of  1 g fresh  weight  of  each  of  the  Assam 
and  the  Chinese  types  of  tea  were  treated  with  NAA-l-c'^.  After  five 
minutes  the  samples  were  washed  three  times  with  distilled  water  and 
placed  in  10  ml  beakers  that  were  placed  in  50  ml  Erlenmeyer  flasks, 
sealed  in  a flow-system  and  covered  with  black  cloth.  Carbon  dioxide- 
free  air  was  passed  over  the  cuttings,  and  the  liberated  CO2  was  trapped 
directly  in  counting  vials  using  1 ml  of  hydroxide  of  hyamine  10-X. 

Once  the  absorption  time  of  one  hour  at  intervals  of  1 , 8,  I6,  and  24 
hours  were  completed,  9 ml  of  a solution  of  PRO  (2, 5"di phenyl  oxazole) 
at  3 g per  1,000  ml  of  toluene  were  added  and  the  radioactivity  of  the 
samples  determined  by  scintillation  counting. 

2)  Sodium  hydroxide 

Ten  grams  of  stem  tissue  from  each  type  of  tea  were  treated  with 
NAA-l-C^^  as  described  above  and  placed  in  two  10  ml  beakers.  The 
beakers  were  affixed  with  modeling  clay  to  the  inner  wall  near  the  top 
of  a brown  500  ml  bottle.  Then  20  ml  of  10  per  cent  NaOH  was  pipetted 
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into  the  bottom  of  the  bottle,  the  system  sealed,  and  the  chamber  covered 
with  a black  cloth.  After  24  hours  at  room  temperature  (approximately 
25°C) , an  aliquot  of  the  NaOH  solution  was  used  to  determine  the  C^^02 
present  by  using  Bray's  mixture  (19)  for  aqueous  solutions  [60  g 
naphthalene,  4 g PRO,  200  mg  1 ,4-bi s-2“(5t3 4enyl oxazol yl ) -benzene 
(Scintillation  Grade  (POPOP)  100  ml  methanol,  20  ml  ethylene  glycol, 
and  p-dioxane  to  make  one  1]  and  liquid  scintillation  detection  techniques. 

3)  Potassium  hydroxide 

This  procedure  was  essentially  the  same  as  that  used  with  sodium 
hydroxide  except  for  the  following  modifications:  Three  1 g samples  of 

stem  tissues  and  breis  of  each  type  of  tea  were  placed  in  small  plastic 
cups  that  were  suspended  by  a piece  of  wire  from  the  top  of  a vial,  and 
the  systems  sealed  and  covered  with  black  cloth.  After  an  absorption 
period  of  one  hour  the  samples  were  counted  as  described  in  the  previous 
method. 

4)  Paper-strip  counting 

Three  1 g pairs  of  samples  of  each  type  of  tea,  treated  as  before, 
were  placed  i n 1 ml  beakers  and  affixed  to  the  bottom  of  a 50  ml  Erlen- 
meyer  flask.  A strip  of  Whatman  No.  1 chromatographic  paper,  2 x 4 cm 

in  size  was  suspended  from  the  top  of  the  flask  and  the  system  completely 
sealed.  Then  0.2  ml  of  10  per  cent  NaOH  was  injected  onto  the  strip  of 
paper  by  means  of  a hypodermic  syringe  and  the  strip  allowed  to  trap 
C^^02  for  one  hour.  The  strips  of  paper  were  then  removed,  dried,  and 
placed  in  counting  vials  and  the  radioactivity  determined  using  Bray's 
mixture  and  liquid  scintillation  counting. 
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Relative  Comparison  of  the  Amount  of  NAA-i-c'^ 

Decarboxyl ated , and  that  Retained  by  the  Tissue 

To  carry  out  an  analysis  of  NAA  metabolites,  10  g of  stem  tissues 

from  Assam  tea  were  taken  for  each  of  two  replications.  These  were 

incubated  in  a 10  ml  solution  of  NAA-l-c'^  (13,545,600  - 4,000  cpm) 

which  was  placed  onto  the  bottom  of  500  ml  brown  bottles.  A counting 

vial  containing  0.1  ml  of  10  per  cent  KOH  was  affixed  with  modeling 

clay  to  the  inner  wall  near  the  top  of  the  bottle  and  the  system  sealed. 

After  three  hours  of  incubation  at  room  temperature,  the  trapped  CO2  was 

analyzed  for  activity  as  described  previously.  Then  the  stem  pieces 

were  washed  three  times  with  5 per  cent  ethanol  and  the  washings  added 

to  the  incubated  solution  and  the  total  volume  made  to  30  ml.  Then  the 

tissues  were  extracted  with  80  per  cent  ethanol,  washed  three  times, 

and  the  ethanol ic  solution  made  to  a total  volume  of  10  ml.  Aliquots 

14 

of  the  incubation  and  ethanol ic  solutions  were  analyzed  for  total  C 
act  1 vi ty. 


The  Effects  of  Heat  on  Decarboxylation 

To  test  for  non-enzymat i c vs  enzymatic  destruction  of  NAA-l-C^^ 

by  the  plant  tissues,  six  samples  (stem  pieces)  of  1 g fresh  weight 

from  each  type  of  tea  were  placed  in  small  cups.  One-half  of  each  lot 

was  autoclaved  for  one  hour  at  a pressure  of  15  psi,  and  then  the  samples 

14/  \ 

were  treated  with  25  A of  NAA-1 -C  (10,000  cpm,  approximately).  After 

1 U 

adding  the  NAA-1 -C  , the  small  cups  containing  the  reaction  mixture  were 
affixed  directly  into  the  counting  vials,  which  contained  0.1  ml  of 
10  per  cent  KOH.  After  one  hour  with  the  system  completely  sealed,  the 
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reaction  mixture  was  removed  and  the  radioactivity  in  the  KOH  was 
determined  following  the  techniques  described  above. 

Using  this  same  procedure,  1 g of  tea  tissue,  ground  in  1 ml 
of  phosphate  buffer  was  used.  Six  samples  from  each  Assam  and  Chinese 
types  of  tea  were  divided  in  two  lots.  One  lot  was  boiled  for  ten 
minutes  and  the  other  kept  at  approximately  25°C  until  both  were 
checked  for  the  capacity  to  decarboxyl  ate  NAA-l-C^^. 

Influence  of  pH  on  the  Rate  of  Decarboxylation 

To  test  the  pH  sensitivity  of  the  breis  from  both  types  of  tea, 
a mixture  of  Na2HP0/^  (11. 876  g in  one  1 of  solution)  and  KH2P0^  (9.078  g 
in  one  1 of  solution)  was  used.  The  brei  solutions  were  adjusted  to  the 
following  pH  values:  4.5,  5-0,  5-5,  6.0,  6.5,  7-0,  and  8.0  using  a 
Beckman  pH  meter,  model  G.  After  the  treated  samples  had  been  sealed 
for  one  hour  and  the  c'^O^  trapped  in  KOH,  the  radioactivity  in  the 
alkali  was  determined  by  scintillation  techniques. 

Influence  of  the  Buffer  System  on  the 
Rate  of  Decarboxylation 

The  effect  of  buffer  on  enzymatic  activity  at  pH  6.8  was  tested 
with  three  different  buffer  solutions:  Mcllvaine  buffer  (mixture  of 

0.2  M NaHP0[^  and  0.1  M citrate),  phosphate  buffer  (mixture  of  Na2HP0/^ 
and  KH2P0£^)  , and  Trizma-Tris  buffer  [(hydroxymethyl)  aminomethane  and 
hydrochloride,  7-925  g/1  liter  (-  0.05  pH  units)].  The  first  two 
buffers  were  adjusted  using  a Beckman  pH  meter  and  the  latter  controlled 
by  temperature  according  to  the  specified  directions  of  Sigma  Chemical  Co. 
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Influence  of  Substrates  on  Decarboxylation 

Two  materials,  sucrose  and  caseine  hydrolyzate  were  tested  as 
metabolites  for  enzymic  action.  Sucrose  at  0,0,  0.1,  0.3,  0.7,  1.0, 
and  2.0  M,  and  caseine  hydrolyzate  at  1,000,  3,000,  7,000,  and  10,000 
ppm  were  used.  For  these  experiments,  three  1 g lots  of  breis  from 
each  type  of  tea  were  used. 

Determination  of  Cellular  Fractions 
with  Decarboxylation  Activity 

To  study  auxin  decarboxylation  of  gross  cellular  fractions,  breis 
of  both  types  of  tea  were  prepared  using  60  ml  of  phosphate  buffer,  pH 
6.0,  containing  0.03  M sucrose.  The  samples  were  centrifuged  at  2,500 
xg  for  ten  minutes,  using  a Servall  superspeed  R-C-2  centrifuge.  The 
supernatant  fraction  was  centrifuged  a second  time  at  10,000  xg  for  30 
minutes  and  this  supernatant  fraction  ($2)  was  divided  into  three 
portions  of  15  ml  each.  A 15  ml  portion  of  the  S^,  and  the  precipitated 
pellet  that  was  resuspended  in  15  ml  of  phosphate  buffer  and  sucrose 
were  treated  with  1 00  A NAA-l-c’^.  The  c’^02  evolution  during  an  hour 
period  was  determined  using  KOH  trapping  and  scintillation  techniques. 

The  second  and  third  15-ml  portions  of  the  supernatant  were  kept 
under  refrigeration  and  tested  for  the  capacity  to  decarb oxyl ate  NAA 
after  48  and  SG  hours,  respectively. 

Influence  of  Dialysis  on  the 
Decarboxylation  Activity 

Using  50  ml  of  an  $2  fraction  of  samples  processed  in  the  manner 
given  above,  the  influence  of  dialysis  at  4 C for  36  hours  against  three 
100-ml  portions  of  phosphate  buffer  at  pH  6.0  and  containing  0.03  M 
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sucrose  was  determined.  The  pH  of  the  supernatant  fraction  was  adjusted 
to  6.0  with  phosphate  buffer.  Every  12  hours  the  liquid  from  the  bath 
outside  the  membrane  was  replaced  and  the  first  lot  saved.  After  36 

hours,  the  50  ml  of  was  divided  into  five  10-ml  portions  and  each 

. 14 

portion  was  treated  separately  with  lOOAof  NAA-1 -C  . Then  the  following 

variations  were  introduced:  (1)  10  ml  of  the  supernatant  only,  (2)  10 

ml  of  the  supernatant  plus  an  aliquot  (10  ml)  of  the  first  dialyzate, 

(3)  10  ml  of  the  supernatant  plus  24  ppm  of  Mg  as  MgSO^,  and  (4)  10  ml 
of  the  supernatant  plus  0.55  ppm  of  Mn  as  MnSO/^,  (5)  10  ml  of  the  super- 
natant plus  amounts  of  Mg  and  Mn  as  in  (3)  and  (4). 

The  radioactivity  of  C^^O^  evolved  in  one  hour  was  determined  by 
using  the  potassium  hydroxide  trapping  method  and  liquid  scintillation 
detect i on. 


Influence  of  NAA  Concentration 
on  Uptake  of  NAA-1 

To  determine  the  rate  and  pattern  oif  auxin  uptake,  an  experiment 
under  room  temperature  was  conducted  in  which  four  1 g samples  of  tea 
stem  sections  were  allowed  to  take  up  labeled  NAA  from  various  molar 
concentrations  (10~^,  10  10  and  10  for  three  hours.  Each 

treatment  was  replicated  three  times.  After  the  three-hour  incubation 
period,  the  stem  pieces  were  transferred  to  unlabeled  NAA  solutions  of 
corresponding  molar  concentrations  for  24  hours.  At  the  beginning,  0.1 
ml  aliquots  were  taken  from  the  labeled  NAA  solutions  and  then  similar 
volumes  from  the  unlabeled  NAA  solutions  at  the  following  time  intervals: 
0.5»  1.0,  1.5»  2.0,  2.5,  3.0,  3.5,  4.0,  8.0,  16.0,  and  24.0  hours.  The 
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3.0  ml  of  unlabeled  NAA  solutions  were  kept  at  constant  volume  by  replacing 
the  removed  volume  after  each  sampling. 

Preparation  of  Acetone  Powders  and 
Extracts  of  the  Acetone  Powders 

The  procedure  for  preparing  acetone  powder  extracts  was  essentially 
that  followed  by  Black  and  Humphreys  (l6).  Pieces  of  tea  stems  (10  g) 
were  chilled  in  water  and  ground  with  30  ml  of  phosphate  buffer  at  pH 

6.0  containing  0.03  M EDTA.  Then  acetone  (125  ml,-15°C)  was  added  slowly 

with  stirring  to  the  suspension.  The  resulting  slurry  was  immediately 
filtered  with  suction  through  Whatman  No.  1 filter  paper  on  a Buchner 
funnel.  The  precipitate  was  washed  three  times  with  75  ml  portions  of 
acetone  (-15°C)  and  left  under  the  conditions  of  filtration  until  the 
precipitate  was  free  of  acetone.  The  precipitate  was  then  dried  i n vacuo 
for  12  hours  over  ^2^5’  the  initial  drying  the  acetone  powders 

were  stored  in  a dessicator  at  0°C  over  CaCl2. 

Extracts  of  the  acetone  powders  were  prepared  by  stirring  the 
acetone  powder  for  15  minutes  in  25  ml  of  a solution  of  phosphate  buffer 
at  pH  6.0,  containing  0.03  M EDTA.  The  slurry  was  filtered  through  glass 
wool  and  the  filtrate  was  centrifuged  at  10,000  xg  for  five  minutes  at 
-5°C.  Then  it  was  filtered  through  Whatman  No.  1 filter  paper.  This 
filtrate  was  designated  as  the  acetone-powder  extract.  To  check  for 
decarboxylation  of  NAA-l-C*^  by  the  acetone-powder  extract,  100  A of 
NAA-l-C^^  solution  was  added  to  25  ml  of  the  extract  and  c'^02  collected 
at  the  following  time  intervals:  1,  4,  8,  16,  and  24  hours.  Carbon 

dioxide  was  trapped  in  sodium  hydroxide  and  radioactivity  determined  as 
described  previously. 
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Determination  of  NAA-l-c'^  Metabolites 
In  order  to  determine  the  fate  of  NAA  after  it  had  entered  the 
plant,  samples  of  five  cuttings  were  taken  at  the  following  time  inter- 
vals: 1 and  24  hours;  2,  4,  and  8 days  after  treatment  with  NAA-l-c'^. 
The  leaves  were  removed  from  the  cuttings  and  the  test  was  done  on  the 
stem  pieces.  These  explants  were  washed  three  times  with  distilled 
water  and  extracted  with  80  per  cent  ethanol  and  fractionated  by  TLC 
chromatography  as  described  previously. 

Radioactive  areas  on  the  chromatograms  were  determined  by  a 
Geiger-Mul ler  counter  (Nuclear  Chicago  Model  1619A).  For  more  accurate 
determination,  the  radioactive  areas  of  the  chromatogram  were  divided 
into  strips  0.5  cm  wide  and  the  silica  gel  plus  fractions  were  scraped 
into  planchets  and  radioactivity  determined  using  a Tracer-lab  TGC-14, 
equipped  with  a thin-window  G.M.  tube. 

Each  radioactive  spot  was  divided  into  two  parts,  lower  and  upper, 
and  diluted  separately  with  15  ml  of  ethyl  ether.  The  ether  solutions 
were  filtered  through  glass-fiber  filter  paper  with  suction.  The  residue 
was  rinsed  with  three  small  charges  of  ether  and  the  total  volume  of 
solution  was  reduced  to  0.5  ml  by  a N2  gas  stream.  The  samples  were 
chromatographed  as  described  above. 

The  residue  left  on  the  filter  paper,  following  ether  extraction, 
was  redissolved  in  30  ml  of  80  per  cent  ethanol  and  filtered  through 
glass-fiber  filter  paper.  Then  the  filtrate  was  reduced  to  dryness. 

The  samples  were  redissolved  in  0.5  ml  ethanol,  spotted  on  thin  layer 
sheets,  and  chromatographed  as  described  previously. 
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Using  the  original  ethanol ic  extracts,  alkali  and  acid  hydrolysis 
were  attempted.  Aliquots  of  0.1  ml  were  treated  with  0.1  ml  of  2N 
NH/^OH  and  0.1  ml  of  2N  formic  acid  at  60°C.  After  ten  minutes  of  this 
combined  treatment,  the  samples  were  reduced  to  dryness  with  a desic- 
cator vacuum  pump,  redissolved  in  0.1  ml  of  80  per  cent  ethanol,  and 
chromatographed. 

Subsequent  to  the  above-mentioned  test,  an  additional  analysis 
was  done  as  follows:  1 ml  of  ethanol ic  extract  was  dried  i n vacuo  and 
the  residue  adjusted  to  pH  8.3  with  sodium  bicarbonate.  This  solution 
was  partitioned  with  1 ml  of  ether.  The  ether  phase  was  retained  for 
thin-layer  chromatography  and  the  water  phase  adjusted  to  pH  2.0  with 
tartaric  acid.  This  second  solution  was  partitioned  with  ether  and  the 
ether  phase  again  retained  for  chromatography.  The  water  phase  was 
finally  partitioned  against  hexane  and  the  two  fractions  retained  for 
chromatography  and  autoradiography, 

A further  attempt  to  isolate  the  radioactive  products  was  carried 
out  using  10  g of  stem  pieces  of  the  Assam  type  of  tea  which  were 
incubated  with  1 ml  of  10”^  M NAA-l-C^^  for  three  hours,  c'%2  '^^s 
collected  during  the  entire  period  of  incubation  and  the  radioactivity 
determined  by  the  sodium  hydroxide  trapping  method  and  scintillation 
detection.  At  the  end  of  the  incubation  period,  the  tissues  were 
washed  three  times  with  15  ml  of  5 per  cent  ethanol  and  the  washings 
added  to  the  incubated  solution.  An  aliquot  was  taken  for  the  determina- 
tion of  the  radioactivity  remaining  in  the  external  solution. 

The  tissues  were  extracted  in  80  per  cent  ethanol  as  described 
above  and  the  final  extract  was  made  up  to  a total  volume  of  1 ml. 
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One-half  of  this  extract  was  used  in  a similar  fractionation  to  that 
described  previously  to  obtain  ether-soluble  neutral  and  acidic  compounds, 
hexane  soluble  compounds  and  those  retained  in  the  aqueous  phase. 

To  determine  the  possible  nature  of  some  of  the  NAA  metabolites, 
seven  1 g samples  of  stem  tissues  were  incubated  for  three  hours  with 

^ M solutions  of  C labeled  compound:  NAA, 

L-alanine,  L-aspartic  acid,  L-glutamic  acid,  NAA  plus  L-alanine,  NAA 
plus  L-aspartate,  and  NAA  plus  L-glutamate.  The  activity  per  mM  of 
each  amino  acid  was  8.5  microcuries.  (The  C^^-labeled  amino  acids  were 
obtained  from  New  England  Nuclear  Corp. , Boston,  Mass.)  At  the  end  of 
the  incubation  period,  the  tissues  were  washed  briefly  In  5 per  cent 
ethanol  solution,  and  then  extracted  in  80  per  cent  ethanol  as  described 
previously.  The  total  ethanol ic  extracts  were  dried  i n vacuo  and 
partitioned  two  times  against  ether  and  then  against  hexane  as  described 
before.  The  final  four  fractions  from  each  of  seven  treatments  were 
used  in  chromatography  and  autoradiography. 


EXPERIMENTAL  RESULTS 


Influence  of  NAA  on  the  Rooting  of  Tea  Cuttings 

Auxin  enhanced  the  capacity  to  root  of  both  the  Assam  and  Chinese 
type  of  tea.  As  shown  in  Table  I and  Figures  I,  2,  and  3i  the  number 
of  rooted  cuttings,  number  of  roots,  and  length  of  roots  per  treatment 
were  greater  in  the  NAA  (10,000  ppm)  treatment  than  in  the  other  two. 
With  the  Assam  type  of  tea  (Figures  I and  4-b) , 50  per  cent  ethanol 
treatment  also  increased  the  number  of  rooted  cuttings.  The  response 
of  the  Chinese  type  of  tea  was  more  pronounced  than  that  of  the  Assam 
type. 

Axillary  buds  in  both  types  of  cuttings  were  inhibited  by  NAA 
treatment.  As  illustrated  in  photographs  of  Figures  4 and  5,  the 
axillary  buds  of  the  cuttings  treated  with  water  or  50  per  cent  ethanol 
reached  a noticeable  length  in  60  days,  but  the  growtn  of  buds  on  NAA- 
treated  cuttings  was  almost  completely  inhibited.  However,  the  buds 
did  resume  growth  when  the  cuttings  were  transplanted  from  the  rooting 
bed. 

Callus  formation  was  inhibited  also  by  the  NAA  treatment.  As 
shown  in  Table  I and  illustrated  in  the  photographs  of  Figures  4 and 
5,  callusing  was  appreciable  on  the  control  and  ethanol -d i pped  cuttings 
but  was  only  slight  on  the  NAA-treated  cuttings. 
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Table  1.-  Comparison  of  rooting,  number  of  roots,  length  of  roots 
and  callus  formation  on  cuttings  of  Assam  and  Chinese  types  of  tea  as 

influenced  by  NAA  and  ethanol 
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Each  treatment  was  replicated  4 times  with  10  cuttings  per  replication. 

♦Significant  at  the  .05  level  of  probability.  ♦♦Significant  at  the  0.01  level  of  probability. 
Determined  by  an  arbitrary  scale  according  to  the  size  of  the  callus  growth;  1,  2,  3,  4,  and  5 which 
corresponded  approximately  to  8,  10,  12,  14,  and  16  mm  in  diameter,  respectively. 
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Fig.  1.  Number  of  rooted  cuttings  of  the  Assam  and  Chinese 
types  of  tea  at  4 and  8 weeks  after  treatment  with 
NAA  (10,000  ppm),  ethanol  (50%)  and  tap  water  (40 
cuttings/treatment). 
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Fig.  2.  Average  number  of  roots  in  cuttings  of  the  Assam  and 

and  Chinese  types  of  tea  at  4 and  8 weeks  after  treat- 
ment with  NAA  (10,000  ppm),  ethanol  (50%)  and  tap 
water  (40  cuttings/treatment). 
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Fig.  3.  Total  length  of  roots  (mm)  on  cuttings  of  the  Assam 
and  Chinese  types  of  tea  at  4 and  8 weeks  after 
treatment  with  NAA  (10,000  ppm),  ethanol  (50%)  and 
tap  water  (40  cuttings/treatment). 
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Fig.  4.  Rooting  of  Assam  tea  at  60  days  after  treatment:  a)  Cuttings 

treated  with  NAA  (10,000  ppm).  Noticeable  iiRiibitory  effect  on 
growth  of  the  axillary  bud  but  good  proliferation  of  adventi- 
tious roots;  b)  Cuttings  treated  with  50%  ethanol  in  which  there 
was  considerable  growth  of  the  axillary  bud;  c)  Cuttings  treated 
with  tap  water.  Note  the  growth  of  the  axillary  bud  and  develop- 
ment of  callus  at  the  base  of  the  cuttings. 
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Fig.  5.  Rooting  of  the  Chinese  type  of  tea  at  60  days  after  treatment: . 

a)  Cuttings  treated  with  NAA  (10,000  ppm).  Almost  complete  in- 
hibition on  growth  of  the  axillary  bud  but  abundant  prolifera- 
tion of  adventitious  roots;  b)  Cuttings  treated  with  50% 
ethanol  showing  a considerable  amount  of  growth  of  the  axillary 
bud;  c)  Cuttings  treated  with  tap  water  in  which  the  axillary 
bud  growth  and  callus  development  was  considerable. 
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Effect  of  NAA  on  the  Rooting  of  Assam  Tea 
Cuttings  from  Different  Portions  of  the  Stem 

As  shown  in  Table  2,  the  number  of  rooted  cuttings  Increased 
almost  linearly  with  NAA  concentration  up  to  10,000  ppm  with  the 
various  types  of  cuttings.  Figure  6 illustrates  the  influence  of 
NAA  on  a combined  total  of  the  various  types  of  cuttings.  The  stimula- 
tive effect  due  to  NAA  treatments,  at  concentrations  above  1,000  ppm, 
reached  a level  that  was  highly  significant.  Yet,  it  would  seem  that 
there  was  no  significant  difference  in  rooting  ability  of  the  cuttings 
made  up  from  stem  segments  of  different  ages. 

Anatomical  Description  of  the  Tea  Stem 
For  orientation,  a brief  description  of  the  stem  of  tea  is 
presented.  The  stem  of  Camel  I ia  sinensis.  (L.)  0.  Kuntze,  at  the 
physiological  age  used  in  this  study  for  asexual  propagation,  had 
epidermal  cells  as  the  outermost  layer.  The  cortex,  mostly  paren- 
chymatous cells,  was  just  internal  to  the  epidermal  cells  and  was 
we II  delimited  f rom  t he  ph I oem  wh i ch  had  f i be r s in  its  peripheral 
part  (primary  phloem  fibers).  Just  internal  to  these  fibers  was 
the  primary  phloem,  which  was  usually  crushed  by  secondary  growth. 
Adjacent  to  this  crushed  phloem  was  the  more  recently  formed  secondary 
phloem.  The  secondary  phloem  had  dilated  rays  and  alternate  bands  of 
fibers  and  bands  of  sieve  tubes,  companion  cells  and  parenchymatous 
cells.  A conspicuous  ergastic  substance  in  the  parenchyma  cells, 
apparently  tannins,  was  found  in  both  types  of  tea  but  was  especially 
prominent  in  the  Assam  type.  The  cambial  zone  appeared  as  a more  or 
less  wide  stratum  of  periclinally  dividing  cells,  organized  into  axial 
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Table  2.-  Effect  of  NAA  on  rooting  of 
Assam  tea  cuttings  of  different  ages^ 


Segment  No. 

NAA 

Number  of 

treatment: 
rooted  cuttings^' 

Total 

0 

300 

1,  000 

3,  000 

10,  000 

30,  000 

per 

ppm  segment 

1 

2 

4 

6 

7 

12 

11 

42 

2 

3 

4 

7 

10 

16 

15 

55 

3 

2 

3 

5 

11 

15 

14 

50 

4 

1 

5 

10 

11 

14 

13 

54 

5 

2 

3 

8 

12 

17 

16 

58 

Total  per 

NAA  cone. 

10 

19 

36  + 

51*+ 

74+* 

69*t 

Per  cent 

rooted 

5.0 

9.5 

18.0 

25.5 

37,  0 

33.  0 

a 

Each  treatment  was  replicated  4 times  with  10  cuttings  per  replication. 


b* 

Significant  at  the  .05  level  of  probability. 
♦♦Significant  at  the  0,01  level  of  probability. 


Number  of  Rooted  Cutting 
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v> 


Fig.  6. 


Effect  of  NAA  on  the  rooting  of  Assam  tea 
cuttings  (200  cuttings  per  NAA  treatment). 
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and  ray  systems.  These  cells  had  large  nuclei.  The  secondary  xylem 
had  a somewhat  denser  appearance  than  the  primary  xylem  system  and 
contained,  in  the  axial  system,  vessel  elements,  tracheids,  fibers, 
and  xylem  parenchyma  cells  in  a banded  paratracheal  arrangement.  Wide 
and  narrow  rays  were  present. 

On  the  inner  edge  of  the  continuous  secondary  xylem,  the  primary 
xylem  had  a slightly  uneven  outline  around  the  pith  and  could  be 
delimited  from  the  secondary  xylem  only  by  approximation.  The  pith 
was  parenchymatous  and  contained  cavities.  Large  sclereids  occurred 
both  in  the  pith  and  cortex.  These  cells  appear  to  be  characteristic 
of  the  family  Theaceae  (120). 

Anatomical  Origin  of  the  Adventitious 
Root  Meristem  of  Tea 

After  five  days  under  conditions  favorable  for  rooting,  portions 
of  stems  in  the  rooting  zone  at  the  base  of  the  cuttings  were  sectioned 
and  examined.  Present  in  the  sections  in  certain  cambial  region  were 
cell  initials  in  the  prophase  of  mitosis  (Fig,  7-b)  with  conspicuous 
and  very  dense  nuclei.  From  a timed  developmental  sequence  study,  these 
cells  appeared  to  divide  rapidly,  some  radial  and  other  tangential, 
without  much  enlargement  of  the  daughter  cells  between  mitoses  (Fig,  7-c 
and  d) , thus  giving  rise  to  a root  primordium  (Fig.  8-a) , The  root  cap 
was  formed  very  early  (Fig.  8-b  and  c) , and  just  before  it  was  distin- 
guishable, dissolution  of  the  cortical  cells  surrounding  its  apex  was 
observed.  Dissolving  of  the  cells  resulted  in  the  formation  of  a 
cavity  around  the  root,  the  cavity  being  enlarged  as  the  root  grew  out- 
ward and  perpendicular  to  the  stem  axis.  The  parehchyma  cells  in  the 
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Portions  of  cross-sectional  (C  ) views  from  the  rooting  zone 
at  the  base  of  stem  cuttings  of  tea:  a)  Portion  of  a C view 

of  a normal  stem,  showing  the  position  of  the  primary  pEloem 
fibers  (ppf)  which  appears  as  a non- continuous  colony  of  cells; 
secondary  phloem  (sp)  and  the  cambial  zone  (c);  b)  A C view  of 
the  stem  5 days  after  treatment  with  NAA  (10,000  ppm) , ^ Note 
the  two  cambial  initial  cells  (ci)  at  prophase  state  of  mitosis; 
c)  and  d)  C views  of  the  stem  6 and  7 days  after  treatment  with 
NAA,  respectively,  note  different  events  of  cell  division, 
particularly  the  cambial  zone  and  vicinities. 
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Fig.  8.  Portions  of  cross-sectional  (C  ) views  from  the  rooting  zone  at 
the  base  of  stem  cuttings  of  tla:  a)  A C view  of  the  stem  12 

days  after  NAA  treatment.  Note  the  formafion  of  the  root  pri- 
mordium  (rp);  b)  A C of  the  stem  14  days  after  treatment  with 
NAA.  Note  the  development  of  the  primordium  with  the  apparent 
dissolution  of  the  primary  phloem  fibers;  c)  A C of  the  stem 
16  days  after  treatment  with  NAA.  The  adventitious  root  has 
already  formed  with  connection  with  the  xylem  (x);  d)  A of 
the  stem  20  days  after  treatment  with  NAA.  Note  the  emergence 
pattern  of  the  new  root. 
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vicinity  of  the  fibers  were  almost  completely  dissolved.  The  vascular 
cylinder  of  the  adventitious  root  developed  to  a very  noticeable  extent 
by  the  time  the  root  reached  the  middle  of  the  cortex  (Fig,  8-d) . By 
this  time,  some  differentiation  of  the  root  had  taken  place  and  near 
the  cambial  region  of  the  stem  differentiating  tracheids  could  be  found. 
After  a root  had  been  initiated,  secondary  xylem  and  phloem  that  did  not 
take  part  in  the  early  formation  of  the  root  proper  developed  into  con- 
necting cells.  By  the  time  the  root  was  about  to  emerge  through  the 
epidermis,  the  three  primary  regions  were  definitely  established  and 
maturation  was  taking  place  in  the  older  portions  of  the  root.,  The 
emergence  of  the  root,  i.e.,  the  actual  rupture  of  the  mother  tissue, 
took  place  in  the  Chinese  type  of  tea  about  three  weeks  after  treatment 
with  NAA,  and  in  the  Assam  type  about  four  weeks  after  treatment. 

Uptake,  Translocation  and  Accumulation 
of  NAA-I-C'^ 

1 4 

When  cuttings  were  treated  with  NAA-1 -C  for  ten  seconds,  and 
utilized  for  cross  (C^)  or  I ong i tud i nal -sect i ons  (Lg)  and  for  autoradio- 
graphy after  the  cuttings  were  placed  under  greenhouse  conditions  for 
rooting  for  periods  of  1,  2,  4,  and  8 days,  it  was  found  that  was 
present  in  all  treated  cuttings.  Close  observation  of  the  autoradio- 
graphs of  Figures  9 and  10  shows  a significant  amount  of  radioactivity 
in  the  stem-section  corresponding  to  the  treated  basal  third.  The 

autoradiographs  of  the  Chinese  type  of  stem  cuttings  showed  more 

1 4 

translocation  of  the  C than  did  the  Assam  type;  on  the  other  hand, 
the  radioactivity  at  the  base  of  the  Chinese  tea  cuttings  persisted 
at  a higher  level  than  in  the  Assam  type  of  tea. 
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Fig.  10.  Radioactivity  at  the  basal  portion  of  Assam  and  Chinese  tea  cuttings,  treated  as  outlined 
in  Table  3.  a)  Original  mounts  of  cross-sections  of  both  types  of  tea^  b)  Autoradio- 
graphs of  Assam  cuttings:  1 hour,  24  hours,  4 days,  and  8 days  after  treatment,  reading 

left  to  right;  c)  Autoradiographs  of  Chinese  cuttings  after  the  same  period  of  elapsed 
time  as  in  (b). 
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As  corroboration  of  the  autoradiographic  data,  the  distribution 
of  in  treated  cuttings  was  determined  by  extracting  the  tissue  with 
80  per  cent  ethanol  and  determining  the  radioactivity  by  scintillation 
counting  techniques.  These  data  appear  in  Table  3.  Each  number  repre- 
sents the  average  net  cpm  of  eight  cuttings  per  time-interval  treatment. 

After  eight  days,  the  base  of  the  cuttings  still  contained  approximately 

1 4 

36  per  cent  (Assam)  and  44  per  cent  (Chinese)  of  the  C activity  noted 
at  one  hour  after  treatment. 

In  addition  to  determining  the  radioactivity  in  the  ethanol  extract, 
an  aliquot  was  subjected  to  thin-layer  chromatography.  TLC  showed, 
besides  the  presence  of  NAA-l-c'^,  another  radioactive  spot  close  to  the 
front  of  the  solvent  system,  as  shown  by  the  data  in  Table  4 and  Figure  11. 

To  determine  in  a gross  way  the  tissue  system  that  accumulated 
1 4 

NAA-I -C  , stem  pieces  treated  with  the  labeled  auxin  were  subdivided  as 
outlined  in  Table  5>  As  illustrated,  the  accumulation  of  the  NAA-l-C^^ 
in  the  outermost  layers  of  the  stem  portions  was  considerable,  as  would 
be  expected. 

According  to  Table  5,  in  which  each  figure  represents  the  average 
net  cpm  from  six  cuttings,  the  amount  of  auxin  absorbed  in  the  outer 
tissue  system  by  the  Chinese  cuttings  was  greater  than  that  absorbed 
by  the  Assam  type  of  tea. 

Determination  of  the  Translocation 
of  NAA-I-C’^ 

14 

The  study  of  auxin  translocation  by  tracing  the  movement  of  C 
added  to  the  stem  pieces  as  NAA-l-c'^  showed  a relationship  of  2 to  1 
for  the  apex-toward-base  diffusion  vs  the  base-toward-apex  diffusion  in 
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14 

Table  3.-  Distribution  of  C 

NAA  in  tea  cutti 


from  alpha-labeled 
ngs® 


ASSAM  CHINESE 

Time  after  „ ^ c c 

treatment^  Portion  of  Cutting  Portion  of  Cutting 


Basal 

cpm 

Middle 

cpm 

Apical 

cpm 

Basal 

cpm 

Middle 

cpm 

Apicj 

cpm 

1 hour 

1,747 

25 

8 

1,834 

36 

14 

4 " 

1,412 

22 

7 

1,206 

28 

9 

8 

1,322 

22 

6 

1,  100 

26 

7 

16 

1,  277 

19 

5 

1,  056 

20 

7 

24 

1,  198 

18 

5 

1,  029 

17 

6 

4 days 

1,  038 

16 

4 

970 

14 

5 

8 

626 

15 

3 

821 

12 

5 

a 14 

NAA-l-C  applied  to  the_guttings  bj^dipping  the  basal  1 inch  of  the 
stem  in  a solution  of  10  M NAA-l-C  of  approximately  132,400  cpm/ml. 

After  treatment,  cuttings  were  placed  in  a greenhouse  under  conditions 
for  rooting  until  utilized. 

c 

Cuttings  divided  into  1/3  portions  for  extraction  and  analysis. 
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14 

Fig.  11.  Thin-la^^r  chromatography  of  NAA-l-C  and  ethanolic  extracts  from 
NAA-l-C  treated  tea  stems.  (Note  that  only  the  upper  one-half  of 
the  chromatogram  was  portrayed. ) 
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Table  5.-  Radioactivity  located  in  various  tlssuj^systems 
of  tea  1 hour  after  treatment  with  NAA-l-C 


Radioactivity  in 

ASSAM 

cpm 

CHINESE 

cpm 

1. 

Epidermis  and  parenchymatous  layer 
of  cells  close  to  it 

1,  082 

1,370 

2. 

Vascular  system,  except  primary  xylem 

324 

336 

3. 

Primary  xylem  and  pith 

230 

235 
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stem  pieces  of  both  types  of  tea.  Hence,  there  was  possibility  of  a 
polarity  of  translocation  of  NAA  and  it  was  basipetal.  This  can  be 
seen  by  comparing  the  data  of  tables  6 and  7,  and  Figures  1?  and  13- 

Determination  of  Decarboxylation  of  NAA 
by  Tissues  of  Tea 

Since  it  had  been  noticed  in  the  autoradiographic  test  with  NAA- 

I4 

I -C  that  there  was  an  apparent  loss  of  radioactivity  from  the  tissues 

with  time,  an  attempt  was  made  to  determine  the  route  of  this  destruction 

of  NAA-I-C*^.  In  the  initial  test,  small  pieces  of  stems  were  incubated 

in  I0“^M  NAA-l-c'^  for  24  hours  and  the  CO2  evolving  from  the  tissue  was 

trapped  periodically  and  checked  for  c'^02-  As  can  be  seen  in  Table  8 

1 4 

and  Figure  l4,  there  was  C O2  i n the  respiratory  CO^  and  there  was  a 

1 4 

relationship  between  the  length  of  time  in  the  solution  of  NAA-I -C  and 

1 4 

the  amount  of  C O2  evolved.  The  peak  evolution  time  was  eight  hours, 
liote  the  greater  amount  of  c'%2  evolving  from  the  Assam  type  of  tea  at 
each  of  the  samplings. 

After  this  initial  test,  it  was  obvious  that  the  amount  of  C*^02 

evolved  from  the  tissues  treated  with  NAA-I was  low  for  a short 

sampling  period  so  an  efficient  trapping  and  detecting  system  for  c'^02 

was  needed  for  further  study.  Thus,  Table  9 summarizes  the  data  from 

a test  to  compare  various  agents  for  c'^02  trapping,  and  the  detection 

of  activity  by  scintillation  techniques.  As  can  be  seen,  there  was  a 

more  efficient  trapping  and  detection  of  C*^02  by  the  potassium  hydroxide 

method,  with  the  sodium  hydroxide  method  the  next  best. 

The  next  logical  step  seemed  to  be  to  determine  the  relation  between 
1 4 

uptake  of  NAA-l-C  , the  amount  decarboxyl ated  and  the  amount  retained  in 
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Table  6.-  Acropetal  movement  of  C eU'Jed  to 
tea  stems  as  NAA-l-C^  ^ 


Radioactivity  in 

ASSAM 

CHINESE 

cpm 

cpm/mg 
dry  wt 

cpm 

cpm/mg 
dry  wt 

Receiver  block 

0 

0.  0 

0 

0.  0 

Apical  third 

3 

0.4 

4 

0.3 

Middle  third 

32 

0.6 

35 

0.6 

Basal  third 

889 

16.2 

960 

17.5 

Donor  block 

4,464 

446.4 

4,727 

472.  8 

^Diffusion  time  4 

hours. 

Radioactivity 

was  recorded  in  net 

cpm,  and  each  result  was  the  average  of  3 replications. 
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Table  7.- 


14 

Basipetal  movement  added  to 

tea  stems  as  NAA-l-C  ® 


Radioactivity  in 

ASSAM 

CHINESE 

cpm 

cpm/mg 
dry  wt 

cpm 

cpm/mg 
dry  wt 

Donor  block 

4,  049 

404.  9 

4,278 

427.8 

Apical  third 

1,694 

30.  8 

1,783 

32.4 

Middle  third 

123 

2.2 

130 

2.4 

Basal  third 

32 

0.  6 

66 

1.2 

Receiver  block 

6 

0. 1 

11 

0.2 

g 

Diffusion  time  4 hours.  Radioactivity  was  recorded  in  net 
cpm  and  each  result  was  the  average  of  3 replications. 


ASSAM 
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Table  8.-  Radioactivity  in  the  respiratory 

CO  from  stem  cuttings  after  treatment  with  NAA-l-C 
2 


Time  (Hrs) 

activity  detected 

iu 

(cpm)®’  ^ 

ASSAM 

CHINESE 

1 

40 

22 

8 

337 

299 

16 

105 

172 

24 

95 

74 

®The  values  listed  are  the  means  of  net  cpm  from  6 
replications. 


'^The  trapping  agent  was  Hydroxide  of  Hyamine  and 
trapping  was  for  1 hr  at  each  time  of  sampling. 
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Fig.  14.  Radioactivity  in  respiratory  CO  fjgni  tea 
stem  cuttings  treated  with  NAA-I-C 
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Table^|.-  A comparison  of  trapping  systems  for  respiratory 
C Og  from  cuttings  after  treatment  with  NAA-l-C 


TRAPPING  SYSTEM 

detected 

(cpm)^’ 

ASSAM 

CHINESE 

1. 

Hydroxide  of  Hyamine  10-X 

49 

22 

2. 

Sodium  hydroxide 

104 

88 

3, 

Potassium  hydroxide 

114 

102 

4. 

Papei',  KOH,  strip  counting 

88 

70 

Q 

Each  number  represents  the  average  net  cpm  from  3 replications, 
b 14 

C 0^  sampling  time  was  1 hr. 
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the  tissue.  This  was  attempted  by  treating  tea  stems  with  NAA-l-C*^  and 
determining  the  quantity  taken  up  from  the  solution,  the  amount  of 
evolved,  and  the  activity  that  could  be  extracted  from  the  tissue  with 
80  per  cent  ethanol.  As  illustrated  by  Table  10,  after  three  hours 
incubation  96.27  per  cent  of  the  activity  could  be  recovered  in 
these  three  fractions.  The  remaining  3-73  per  cent  not  accounted  for 
may  have  been  in  the  ethanol -i nsol ubl e fractions  in  the  tissue  and/or 
errors  in  the  analytical  procedures.  This  does  demonstrate  that  a large 
portion  of  the  NAA-1 -C  entering  the  tea  tissue  was  either  decarboxyl ated 
or  could  be  extracted  with  80  per  cent  ethanol. 

1 k 

To  determine  the  nature  of  the  system  which  gave  rise  to  C O2 

from  NAA-l-C^^^,  a preliminary  step  was  to  investigate  the  possibility 

of  getting  the  system  to  operate  free  of  the  intact  tissue.  First,  a 

comparison  was  made  between  the  activity  of  intact  tissue  and  a brei 

1 4 

of  the  tissue  without  any  addendum  except  NAA-1 -C  . This  comparison 

can  be  seen  in  Table  II.  Note  the  slightly  decreased  activity  with 

1 4 

the  breis  and  also  the  ratio  of  C O2  between  the  Assam  and  Chinese 
types  of  tea  with  both  intact  tissues  and  breis.  The  main  observation 
at  this  point  was  that  the  breis  did  have  activity  and  there  was  a 
similarity  to  that  found  in  intact  tissues. 

Influence  of  Heat  on  Decarboxylation 
To  determine  if  the  apparent  decarboxylation  of  NAA-1 -c'^  was 
enzymatic,  breis  and  intact  stem  pieces,  and  autoclaved  stem  pieces 
of  tea  were  treated  with  NAA-l-C*^.  Table  12  shows  the  trapped 

during  the  first  hour.  Here  again,  one  can  compare  the  activity  of 
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Table  10,-  Recovery  of  C after  the  jgcubation 
of  tea  stem  tissues  in  NAA-l-C 


Fraction 

M , ,^14  , . a.b 

% Recovery  by  C analysis 

Tissue  (Ethanol  extractable) 

12.66 

CO  evolved 

0. 11 

Incubation  solution 

83,50 

Total  recovery 

96,27 

0 

Incubation  period  3 hours. 

*^The  values  listed  are  the  means  of  2 replications, 
c 

Trapping  was  by  the  KOH  method  for  3 hours. 
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Table  11.-  Radioactivity  in  the  respiratory  CO  from  intact 
tissues  and  breis  of  tea  treated  with  NAA-l-C 


Q b 

Radioactivity  in  the  CO2  fraction  (cpm)  ' 


Q 

Type  of  material 

Intact  tissue 

Brei 

Brei 

Intact  tissue 

Assam 

104 

87 

00 

Chinese 

82 

63 

.77 

0 

The  values  listed  are  the  means  of  3 replications. 
b_ 

Trapping  was  by  the  NaOH  method  and  each  sampling  was  for  1 hr. 
c 

One  g fresh  weight  of  stem  tissues  per  treatment. 
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Table  12,-  Radioactivity  in  the  respiratory 
COg  of  tea  tissues  treated  with  NAA-l-C 


Treatment 

Radioactivity 

in  the  CO2  Fraction 

. V 8 ^ b y c 

(cpm) 

Assam 

Chinese 

Chinese 

Assam 

Intact  stem  pieces 

112 

99 

88 

Autoclaved  stem  pieces 

0 

0 

0 

Breis 

114 

102 

89 

a 

The  values  listed  are  the  means  of  3 replications, 
b 

One  g fresh  weight  of  stem  tissues  per  treatment, 
c 

Trapping  was  by  the  NaOH  method  for  1 hr. 
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the  intact  tissue  and  breis.  Nevertheless,  the  striking  observation 
from  this  test  was  that  the  autoclaved  samples  did  not  evolve  CO2  with 
any  measurable  radioactivity. 

In  a further  test,  when  the  breis  prepared  from  1 g of  stem  tissues 

were  compared  with  the  same  preparation  treated  on  a boiling  water  bath 

1 4 

for  ten  minutes,  the  C 0^  evolved  in  one  hour  for  Assam  was  IO8  and  2 
net  cpm,  respectively;  and  for  Chinese  S6  and  0 net  cpm,  respectively. 
Apparently,  heat  destroyed  the  capacity  of  the  tissue  to  yield  c'^02  from 
NAA-1  -c’^. 

Influence  of  Tissue  Age  on  Decarboxylation 
When  three  different  ages  of  tea  stem  pieces  were  treated  with 
NAA-1 -c'^,  the  c'^02  trapped  decreased  with  age.  These  data  are 
presented  in  Table  13.  Here  again,  note  the  greater  decarboxyl  at i ng 
activity  of  the  Assam  type  of  tea. 

Influence  of  pH  on  the  Rate  of  Decarboxylation 
The  influence  of  pH  on  the  rate  of  decarboxylation  of  NAA-1 
by  breis  from  the  two  types  of  tea  can  be  seen  in  Figure  15.  Apparently 
the  optimal  pH  for  enzymic  action  on  the  NAA-1 -c'^,  as  measured 
evolution,  was  around  6.0,  Subsequent  work  was  done  using  media  adjusted 
to  this  pH. 


Influence  of  Buffers  on  the  Rate 
of  Decarboxylation 

In  comparing  the  influence  of  various  buffers  on  the  enzymatic 

1 4 

decarboxylation  of  NAA-1 -C  by  breis  prepared  from  1 g of  stem  tissues, 
Mcllvaine's*  Phosphate,  and  Tris  buffers  gave  average  net  cpm  of  61, 
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Table  13.-  Decarboxylation  of  NAA-l-C  by 
tissues  of  tea  of  different  ages 


Age  of  tissue 

Radioactivity  of  CO2  evolved 

, b 

(cpm) 

Assam 

Chinese 

Chinese 

Assam 

3 months 

88 

73 

. 82 

6 months 

61 

54 

. 88 

9 months 

52 

45 

.86 

0 

The  values  listed  are  the  means  of  3 replications. 
Trapping  was  by  the  NaOH  method  and  for  1 hr. 

Q 

One  g fresh  weight  of  stem  tissues  per  treatment. 
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Fig.  15.  The  influence  of  pH  on  the  activity  of  breis  of 
Assam^|nd  Chinese  tea  cuttings  as  determined  by 
the  C ©2  evolved  during  the^^irst  60  minutes 
after  treatment  with  NAA-l-C  . (Breis  prej|red 
from  one  g fresh  weight  of  stem  tissues. 
trapped  by  the  NaOH  method, ) 
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52,  and  51,  respectively.  In  subsequent  work,  a phosphate  buffer  was 
used. 


Influence  of  Substrates  on  Decarboxylation 
A comparison  of  two  different  metabolites  on  the  rate  of  decar- 
boxylation of  NAA-l-c'^  by  breis  from  Assam  type  of  tea  appears  in 
Table  14. 

The  decrease  in  radioactivity  as  related  to  the  increase  in  the 

molar  concentration  of  sucrose  may  be  the  result  of  an  osmotic  effect 

on  the  enzyme  system.  On  the  other  hand,  caseine  hydrolyzate  increased 

the  enzymatic  destruction  of  NAA  as  shown  in  the  last  column  of  Table 

l4;  10,000  ppm  of  caseine  hydrolyzate  increased  c'^O^  production  from 
1 4 

NAA-1 -C  by  122  per  cent. 

Influence  of  Dialysis  on  Decarboxylation 

It  was  determined  that  centrifugating  the  breis  at  10,000  xg  for 

30  minutes  resulted  in  a supernatant  fraction  and  a pellet  that  decarbo- 

xylated  NAA-1 to  c'^02  at  the  following  rate:  119  and  99  net  cpm 

for  the  Assam  and  Chinese  supernatant  fraction,  and  136  and  70  net  cpm 

for  the  Assam  and  Chinese  pellet,  respectively. 

Dialysis  of  the  supernatant  fraction  from  the  breis  centrifuged 

at  10,000  xg  appears  in  Table  15,  in  which  the  enzymatic  activity  during 

the  first  hour  after  NAA-i-c'^  treatment  is  expressed  in  net  cpm. 

From  the  data  of  Table  15  Mg  and  Mn  appear  to  have  an  influence  on 

1 4 

the  enzymic  decarboxylation  of  NAA-1 -C  , with  Mg  having  the  greater  effect. 
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Table  14.-  Effect  of  various  concentrations  of  sucrose 
and  casein  hydrolysate  on  the  enzymatic  degtruction  of 
NAA-l-C  by  Assam  tissue  brei  ’ ’ 


Sucrose 
cone.  (M) 

Radioactivity  of 
CO  evolved  (cpm) 

Casein  Hydrolyzate 
cone,  (ppm) 

Radioactivity  of 
CO  labeled  (cpm) 

0.0 

103 

0 

104 

0.1 

106 

1,  000 

181 

0.3 

86 

3,  000 

205 

0.7 

63 

7,  000 

224 

1.  0 

58 

10,  000 

231 

2.0 

52 

^Each  number  represents  the  average  net  cpm  from  3 replications. 
'^Brei  prepared  from  one  g of  stem  tissues  per  treatment. 

Q 

Trapping  by  the  NaOH  method  for  1 hr. 
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Table  15.-  Effect 
the  evolution  of 
breis  of 


o|^dialysis  and  divalent  cations  on 
C 0 from  supernatant  fj|Ctlon  of 
tea  treated  with  NAA-l-C 


Treatment 

Radioactivity 

g 

of  CO2  evolved  (cpm) 

Assam 

Chinese 

1.  dialyzed  supernatant 

(after  36  hrs  of  dialysis) 

539 

86 

2.  dialyzed  supernatant  + 

dlalyzate 

666 

201 

3.  dialyzed  supernatant  + 

710 

224 

4.  dialyzed  supernatant  + Mn^^ 

665 

153 

5.  dialyzed  supernatant  + Mg^^ 

+ Mn^^ 

730 

179 

^Trapping  by  the  KOH  method  for  1 hr. 
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Influence  of  NAA  Concentration  on 
Uptake  of  NAA-l-c'^ 

Results  of  the  study  on  auxin  uptake  showed  that  the  amount  of  NAA 
which  leached  out  of  the  tissue  was  approximately  proportional  to  the 
concentration  of  NAA  in  which  the  sections  had  been  previously  incubated. 
The  only  exception  was  at  very  low  NAA  concentrations. 

Auxin  retention  by  tea  tissue  is  illustrated  by  the  data  in  Table 

16  and  Figure  i6.  The  initial  exchange  was  very  rapid  and  was  completed 

after  about  four  hours.  The  second  stage  was  slow  and  linear  with  time. 

Thus,  this  could  indicate  that  the  uptake  of  NAA,  as  measured  by  tissue 

retention,  depends  on  two  processes.  The  first  was  consumated  in  a 

short  time  and  resembled  diffusion  since  NAA  taken  up  by  this  process 

would  be  readily  leached  to  the  external  medium.  The  second  component 

1 4 

of  NAA  exchange  that  was  slow  could  indicate  that  NAA-1 -C  has  been 
retained  by  the  tissue  and  was  not  readily  exchangeable.  By  24  hours, 
the  leaching  of  NAA-l-C*^  was  approximately  linear  for  10”^,  lO”^,  and 
10”3m  NAA.  An  increased  exchange  of  10”^M  was  observed. 

In  another  experiment,  an  attempt  was  made  to  determine  directly 
if  the  concentration  of  NAA  has  an  influence  on  the  amount  of  NAA 
penetrating  the  tissue;  and  also,  to  determine  if  the  concentration  of 
NAA  external  to  the  tissue  played  a role  in  the  amount  of  NAA  decarboxy- 
lated.  To  do  this,  stem  explants  were  incubated  in  various  concentrations 
of  NAA,  each  containing  a known,  constant  amount  of  NAA-1 -C*^.  After 
three  hours  of  incubation,  the  ethanol  extractable  components  from  the 
tissue  and  the  amount  of  from  decarboxyl ated  NAA-1 -c'^  were 

significantly  different  for  the  various  treatments.  There  was  an 
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Table  16.-  Amount  of  radioactivity  leached  from  tea 
stems  treated  with  NAA-l-C  during  goaklng  In 
unlabeled  NAA  solution  ' 


Time  of 
soaking 
(Hrs) 

Concentrations  of  NAA  for  pretreatment  and 
and  activity  leaching  from  tissues 

for 

(cpm) 

soaking 

10-" 

io"5 

10-^ 

10“^M 

0.5 

204 

202 

175 

111 

1.0 

226 

222 

188 

166 

1.  5 

252 

238 

194 

180 

2.  0 

269 

256 

231 

240 

2.  5 

274 

263 

261 

379 

3.  0 

342 

272 

309 

419 

3.5 

358 

282 

345 

448 

4.  0 

362 

286 

363 

464 

8.0 

380 

310 

382 

479 

16.  0 

403 

325 

392 

487 

24.  0 

416 

346 

409 

490 

Tea-stem  sections  previously  Incubated  for  3 hours  In  various  concey^ra- 
tlons  of  NAA  Isotoplcally  diluted  with  a constant  amount  of  NAA-l-C 

The  values  listed  are  the  mean  net  cpm  of  3 replications  (0.1  ml 
aliquots  of  each  treatment). 
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Fig.  16.  Rate  of  release  of  radioactivity  by  tea-stem  explants,  prj^iously  treated  with  vario 
concentrations  of  NAA  having  a constant  amount  of  NAA-l-C  per  concentration,  by 
soaking  in  unlabeled  NAA  solutions.  Inserted  graph  illustrates  the  influence  of  NAA 
concentration  on  the  NAA  exchanged  over  a 24-hr  period  of  time. 
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indication  that  the  tissue  content  of  ethanol -sol  ubl  e components  and 

14 

the  amount  of  C O2  evolved  was  directly  proportional  to  the  concentra- 
tion of  NAA.  These  data  can  be  found  in  Table  17. 

Note  the  similarities  in  radioactivity  obtained  in  the  various 
ethanol  extractable  tissue  fractions  and  in  the  various  fractions. 

For  this  to  occur,  since  the  amount  of  NAA-l-C^^  was  constant  in  the 
treatments,  the  tissue  in  the  presence  of  10  NAA  had  to  be  accumu- 
lating and  metabolizing  NAA  1,000  times  more  rapidly  than  in  the  presence 
of  10"^M  NAA. 

Decarboxylation  of  NAA-l-c'^  by  Extracts 
of  Acetone  Powders  of  Tea  Stems 

As  a further  step  in  delineating  the  nature  of  the  decarboxyl  at i ng 
system  from  tea  tissues,  an  investigation  was  made  of  the  possibility  of 
extracting  the  decarboxyl  at i ng  system  from  acetone  powders.  The  results 
of  such  an  attempt  are  illustrated  by  the  data  on  Table  18.  Decarboxy- 
lating  systems  could  be  extracted  from  the  acetone  powders  of  both  the 
Assam  and  the  Chinese  types  of  tea.  The  activity  of  the  preparation 
from  an  equal  amount  of  acetone  powder  was  almost  identical  for  the 
two  types  of  tea  for  the  first  60  minutes  and  after  aging. 

To  determine  if  the  decarboxylation  system  from  acetone  powders  was 
heat  sensitive,  aliquots  were  subjected  to  autoclaving  at  15  psi  and  to 
various  periods  of  time  at  90°C.  As  shown  in  Table  19,  the  decarboxy- 
lating  system  from  the  acetone  powders  was  heat  sensitive.  A ten-minute 
incubation  period  at  90°C  destroyed  the  capacity  of  the  system  to  de- 
carboxylate  NAA-l-C^^. 
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Table  17.-  Influence  of  concentration  of  NAA  on 
radioactivity  in  the  ethanol  extractable  fraction 
and  C Og  fraction  from  tea-stems  igcubated  in  the 
solutions  for  3 hours 


Radioactivity  (cpm)  in  fractions 
Fraction  treated  with  NAA 


Tissues  (ethanol 

extractable) 

41, 830 

42,435 

42, 690 

43, 167 

C^^Og  collected^ 

62 

72 

76 

69 

Culture  solution 

after 

incubation 

254, 920 

254, 360 

254, 110 

253, 617 

fl  14 

Each  concentration  of  NAA  had  a constant  amount  of  NAA-l-C  added  to 

it  (346, 800  i 400  cpm). 


-6 

-5 

-4 

-3 

10 

10 

10 

10 

The  values  listed  are  the  mean  net  cpm  of  3 replications, 
c 

Trapping  by  the  KOH  method  for  3 hours. 


81 


14 

Table  18.-  Decarboxylating  action  on  NAA-l-C  of 
acetone-powder  extract  from  tea  tissues  at 
various  times  after  preparing  the  extract 


Aging  time 
of  extract 
(Hrs) 

Radioactivity  of 

CO  evolved  (cpm)'^'^ 

A 

Assam 

Chinese 

1 

546 

535 

4 

35 

30 

8 

28 

26 

16 

25 

27 

24 

25 

18 

Each  extract  corresponds  to  2 g fresh  weight  of  stem 
tissues. 


Trapping  by  the  KOH  method  for  1 hr  sampling  period  for 
each  time. 
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Table  19.-  Effect  of  high  temperature  treatments  on 
the  capacity  of  the  acetone  powdj^  extracts 
to  decarboxylate  NAA-l-C^ 


Q 

Treatment 


Radioactivity  in 
CO^  evolved  (cpm) 


the 
b,  c 


1.  Blank  (Phosphate  Buffer  pH  6,0) 

2.  Room  temperature 

3.  Autoclaved  15  psi  for  1 hour 

4.  Water  bath  (90*^  C)  for  10  minutes 


5, 


U 


t?  t! 


tf 


20 


6. 


It 


It  II 


II 


30 


II 


^Acetone  powder  extracts  correspond  to  2 g fresh  weight  of  stem 
tissues. 

b 

Reaction  time  was  60  minutes, 
c 

Trapping  by  the  KOH  method  for  1 hr. 
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Similar  to  another  test  conducted  on  just  the  breis  from  tea, 
the  acetone  powder  extracts  were  used  for  investigations  of  the  influence 
of  dialysis  on  the  decarboxyl  at i ng  system.  As  can  be  seen  from  Table  20, 
neither  dialysis  in  the  cold  nor  the  addition  of  magnesium  or  manganese 
to  the  dialyzed  preparation  had  any  appreciable  influence  on  the  decar- 
boxyl at  ing  system. 

A final  preliminary  test  was  conducted  to  determine  whether  or 
not  the  NAA  decarboxyl  at  i ng  system  could  be  precipitated  by  (NH|^)2S0/^. 

As  shown  in  Table  21  (NHtj)2S0^  concentrations  up  to  3.0  M (near 
saturation)  did  not  destroy  nor  completely  precipitate  the  decarboxy- 
lating  activity  from  the  solution.  However,  partial  precipitation  was 
worthy  of  note. 

Determination  of  NAA-l-C*^  Metabolites 

As  has  been  repeatedly  shown  in  the  previous  tests,  a large  portion 
of  the  radioactivity  in  tea  tissue  after  treatment  with  NAA-l-C*^  can  be 
extracted  with  80  per  cent  ethanol.  The  following  tests  were  conducted 
in  an  attempt  to  determine  the  nature  of  the  radioactive  components  in 
this  fraction.  With  a solvent  system  very  similar  to  the  one  used  by 
Zenk  (186),  fractions  of  the  extract  of  tea  treated  with  NAA-l-c’^  were 
subjected  to  thin-layer  chromatography  (TLC) , Autoradiograms  of  the 
thin-layer  chromatograms  were  prepared.  An  illustration  of  an  auto- 
radiogram of  the  fractions  on  TLC  can  be  seen  in  Figure  17,  The 
numbers  at  the  point  of  application  on  the  TLC  radiogram  refers  to  the 
NAA  (No.  1)  standard  and  the  fractions  (No.  2 through  5)  from  an 
ethanol ic  extract  from  tea  treated  with  NAA-l-C*^.  Briefly,  the 
fractions  for  TLC  were  obtained  by  dissolving  the  residue  of  the  ethanol ic 
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Table  20.-  Effect  of  temperature  and  divalent  cations 
on  the  evolution  of  C 0^  from  dialyzed  acetone 
powder  extracts  of  Assam  tea  treated  with  NAA-l-C 


Treatment^ 

Time 

in  hours 

b 

1 

4 

8 

16 

24 

cpm 

cpm 

cpm 

cpm 

cpm 

1. 

Acetone  powder  extract  solution 
(after  36  hrs  of  dialysis) 

495 

242 

80 

52 

28 

2. 

Dialyzed  acetone 
+ dialyzate 

powder  extract 

403 

214 

70 

43 

25 

3. 

Dialyzed  acetone 
+ Mg 

powder  extract 

508 

258 

78 

33 

22 

4. 

Dialyzed  acetone 
+ Mn 

powder  extract 

488 

236 

47 

31 

21 

5. 

Dialyzed  acetone 

n/r 

+ Mg  + Mn 

powder  extract 

430 

228 

50 

32 

23 

g 

Acetone  powder  extracts  correspond  to  2 g fresh  weight  of  stem  tissues. 


^Trapping  by  the  KOH  method  for  1 hr  sampling  period. 
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Table  21,-  Decarboxylating  activity  on  NAA-l-C  of  the 
ammonium  sulfate  precipitable  and  non-precipitable 
fractions  of  acetone  powder  extracts  of  tea 


Treatment  of 

a 

acetone  powder  extract 

Radioactivity  of  CO  evolved 
Supernatant  fraction 

(cpm)^ 

Pellet 

0 

389 

— 

2.0  M (NH^)2S04 

281 

415 

3,0  M (NH  ) S04 

4 A 

332 

444 

0 

Acetone  powder  extract  corresponds  to  2 g fresh  weight  of  stem  pieces, 
b 

Trapping  by  the  KOH  method  for  a sampling  period  of  1 hr. 
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extract  in  an  aqueous  solution  of  NaHCO^  (pH  8)  then  partitioning 
against  wet  ethyl  ether.  The  residue  in  the  ether  phase  (ether  l), 
presumably  ether-soluble  neutral  compound,  is  spot  No.  2 of  Figure 
17.  Then,  the  aqueous  phase  was  made  acidic  with  tartaric  acid 
(pH  2.8)  and  partitioned  with  ethyl  ether  again  (spot  No.  3 of 
Figure  17).  This  presumably  was  the  ether-soluble  acidic  compounds. 

After  this  second  partitioning  with  ether,  the  remaining  aqueous  phase 
was  thoroughly  washed  with  n-hexane  and  the  hexane  (spot  No.  4)  and 
water  (spot  No.  5)  fractions  retained. 

Referring  again  to  Figure  17,  it  can  be  seen  that  the  standard 
NAA  had  an  Rf  similar  to  that  of  components  in  fractions  3.  4,  and  5. 
However,  free  NAA  should  only  be  present  in  3 and  5-  The  component  in 
fraction  4 with  an  Rf  similar  to  NAA  could  be  ethyl -naphthyl ene  acetate. 

In  addition  to  NAA,  it  was  obvious  that  a number  of  radioactive  components 
were  present  in  the  extract  and  that  these  were  formed  within  24  hours 
in  tea  tissue. 

In  comparing  the  radioactive  components  of  the  TLC  to  those  iden- 
tified by  Zenk  ( 1 86) , it  would  seem  that  the  radioactive  components  can 
be  characterized  as  follows:  components  a,  b,  c,  and  d are  conjugates 

with  amino  acids;  components  e and  g are  free  NAA;  component  f i s an 
ester  of  NAA;  component  h is  naphthyl  acetyl  glucose;  and  component  i 
is  naphthyl  acetamide. 

The  next  experiment  was  conducted  to  obtain  some  indication  of  the 
time  required  for  the  conversion  in  tea  tissue  of  the  NAA  to  other 
components.  The  data  of  Figure  18  gave  some  answers  to  this  question. 

When  the  ethanol ic  fractions  alone  were  subjected  to  TLC,  it  became 
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apparent  that  complexes  were  forming  in  less  than  one  hour  with  the 
Assam  type  of  tea  and  in  less  than  two  hours  with  the  Chinese  type 
of  tea.  After  eight  days  there  was  apparently  more  free  NAA  in  the 
Chinese  type  of  tea  than  in  the  Assam  type. 

Since  it  was  determined  that  tea  tissue  metabolized  f)IAA  to  various 
components  in  less  than  two  hours  and  that  probably  some  of  the  compo- 
nents were  conj ugat ional  products  between  NAA  and  amino  acids,  an  ex- 
periment was  conducted  to  determine  if  tea  tissue  incubated  with  either 
certain  C^^  labeled  amino  acids  or  NAA-l-c'^,  or  with  both,  would  yield 
similarly  labeled  products.  The  amino  acids  chosen  were  alanine, 
aspartic  acid  and  glutamic  acid.  The  incubation  time  was  three  hours. 
Figure  19  is  an  autoradiogram  of  radioactive  fractions  from  tea  incubated 
with  just  NAA-l-c'^.  Note  the  similarity  between  this  TLC  and  the  one 

illustrated  in  Figure  I7. 

l4 

When  alanine-C  and  unlabeled  NAA  were  incubated  with  tea  tissue, 
a prominent  labeled  product  appeared  in  Ether  I on  the  TLC  autoradio- 
grams, as  can  be  seen  in  Figure  20.  Free  alanine  should  not  be  present 
in  this  fraction.  When  both  alanine-c'^  and  NAA-l-c'^  were  added  to 
the  incubation  solution,  extracted,  partitioned  for  fractions,  thin- 
layer  chromatographed,  and  autoradiogramed  (Figure  21),  there  was  an 
indication  that  a complex  did  form  between  alanine  and  NAA,  This  can 

be  seen  by  comparing  Figures  19,  20,  and  21. 

1 4 

With  aspartic-C  acid,  a very  weak  radioactive  component  was 
found  in  the  other  1 fraction,  as  shown  in  Figure  22.  Free  aspartic 
acid  should  not  be  in  this  fraction  and  there  was  no  indication  of 
radioactive  components  in  the  other  fractions;  however,  the  activity 
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Fig.  22.  Autoradiogram  of  the  TLC  of  fractions  from  an^^thanolic 

extract  of  tea  tissue  treated  with  aspartic- C plus  cold 
NAA:  The  ^^rizontal  numbers  indicate  the  following:  1) 

Aggartic-C  standard,  and  2)  Ether  I fraction.  Aspartic- 
C plus  NAA  incubation  period:  3 hrs.  Solvent  system: 

Isopropanol: HgO; 8. 5: 1.5,  v/v.  X-ray  exposure  tj^e:  14 

days.  Radioactive  components:  a is  aspartic-C*" 

standard  and  b is  an  unknown. 
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of  the  added  sample  was  somewhat  weak.  However,  when  both  aspartate- 

and  NAA“l-c'^  were  added  to  the  incubating  solution,  autoradiograms 

(Figure  23)  were  obtained  that  had  the  labeled  component  again  in  the 

Ether  I fraction  and  possibly  some  free  aspartic  acid  in  fractions  5 

and  6.  Although  there  was  a radioactive  product  from  aspartic  acid  in 

Ether  I of  Figures  22  and  23,  it  did  not  correspond  to  a component  when 
14 

just  NAA-l-C  was  incubated  with  the  tissue  (Figure  19).  The  main 
point  to  be  made  from  this  experiment  is  that  a conjugation  does  not 
seem  to  occur  or  if  it  does,  it  is  weak  between  NAA  and  aspartic  acid 
in  tea  tissues. 

The  results  with  glutamic  acid  appeared  to  be  similar  to  those  of 

14 

aspartic  acid.  With  glutamate-C  , there  was  a major  radioactive 

product  in  the  Ether  I fraction  on  the  autoradiograms  as  can  be  seen  in 

Figure  24,  and  this  was  also  present  when  NAA-l-c'^  and  glutamate-C*^ 

were  incubated  with  the  tissue,  as  shown  in  Figure  25-  However,  as  with 

aspartic  acid,  the  radioactive  product  was  not  evident  on  the  auto- 

1 4 

radiograms  of  fractions  from  tissues  treated  with  only  NAA-l-C  . 

Thus,  of  the  three  amino  acids  tested,  only  alanine  seemed  to 
conjugate  with  NAA  in  tea  tissue  in  a three-hour  period  of  time. 


DISCUSSION 


Auxin  (NAA)  enhanced  the  rooting  of  tea  cuttings.  Under  the  condi- 
tions of  these  tests,  NAA  at  10,000  ppm  appeared  to  be  approximately  the 
optimal  concentration  and  higher  concentrations  were  somewhat  inhibitory. 
Chinese  tea  cuttings  responded  to  added  NAA  by  producing  more  roots  per 
cutting  and  by  a more  rapid  rate  of  rooting  than  the  Assam  type  of  tea. 

Since  the  application  of  NAA  to  tea  cuttings  stimulated  adventitious 
root  production,  but  inhibited  shoot  development,  it  therefore  seems  that 
the  initial  cell  differentiation  was  determined,  at  least  in  part,  by 
the  local  concentration  of  the  auxin,  shoots  developing  at  lower  and 
roots  at  higher  concentrations.  In  fact,  it  has  been  shown  by  Skoog 
(137)  that  in  segments  of  tobacco  stems,  when  the  auxin  concentration  was 
relatively  high,  formation  of  adventitious  root  primordia  was  favored 
and  bud  formation  prevented. 

The  origin  of  adventitious  roots  took  place  in  the  phloem  initials 
(phloem  "mother"  cells).  More  than  a layer  of  cells,  rather  than  a 
single  cell,  became  mer i stemat i c , and  gave  rise  to  root  primordia.  These 
results  are  similar  to  those  of  Siegler  and  Bowman  (130),  Smith  (I38), 

Sudds  (150),  and  Wilcox  (I8I),  who  stated  that  the  adventitious  roots 
arose  in  the  phloem  region  of  apple  stem  pieces.  Begonia  maculata  and 
B..  semperf  1 orens  stem  segments,  several  types  of  red  and  black  raspberry 
stems,  and  'Noble'  fir  stems,  respectively. 

Good  agreement  was  obtained  between  the  autoradiographic  and  extraction 
techniques  for  measuring  the  absorption  and  translocation  of  labeled  NAA. 
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Both  techniques  indicated  that  the  site  of  auxin  accumulation  was  the 
basal  portion  of  the  explants.  Furthermore,  it  was  shown  that  the 
active  cellular  regions  accumulated  the  NAA-l-c’^,  particularly  the 
area  around  the  cambium. 

Fractionating  the  extract  by  chromatography  showed  the  presence 
of  a considerable  amount  of  free  NAA  and  of  a number  of  NAA  products. 
Most  of  the  radioactivity  remained  in  the  basal  portion  of  the  cuttings, 
with  only  slight  amounts  distributed  throughout  the  other  portions. 

This  situation  persisted  from  one  day  after  treatment  until  eight  days. 
By  the  eighth  day,  meristematic  activity  leading  to  formation  of 
adventitious  roots  has  been  initiated.  Since  during  this  interval  the 
amount  of  free  NAA  was  still  high,  it  was  possible  that  either  the  free 
auxin  molecule,  or  some  activated  form  of  it,  was  responsible  for  root 
initiation.  As  further  support  for  this  suggestion,  it  was  found  that 
the  amount  of  free  NAA  was  greater  in  the  Chinese  type  of  tea  than  in 
the  more  difficult  to  root  Assam  type. 

The  accumulation  of  radioactivity  at  the  base  of  the  cutting  is 
of  significance  in  connection  with  root  initiation,  since  free  NAA  was 
found  in  these  tissues  during  rooting  and  it  does  initiate  rooting  (53). 
Other  similar  studies  by  Andreae  and  Good  (3),  and  Fang  et  al . (51)  with 
lAA  showed  that  applied  lAA  was  present  in  tissues  both  as  free  lAA  and 
as  conjugated  products  with  aspartic  acid  and  ammonia.  Also,  Zenk  ( 1 86) 
and  Sudi  (151)  found  that  the  formation  of  complexes  between  aspartic 
acid  and  NAA  or  lAA  was  adaptive  and  could  be  induced  by  pre  i ncubat  i on 
with  NAA, I AA,2,4-D  and  other  carboxylic  acids.  Some  of  these  conjugated 
products  had  auxin  activity  that  varied  from  very  weak  to  weak  when 
compared  to  lAA,  depending  on  the  assay  method  used. 
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From  the  data  obtained  in  this  study,  it  was  not  possible  to 

determine  the  nature  of  the  action  of  NAA  on  rooting.  Therefore,  these 

data  do  not  substantiate  or  repudiate  that  NAA  changed  the  rooting 

behavior  of  the  cuttings  by  the  mobilization  of  some  factor(s)  in  the 

leaf  for  transport  to  the  root,  as  has  been  suggested  as  a mode  of 

action  of  auxin  in  rooting  (96,  176).  However,  auxin  (NAA)  was  present 

in  the  tissue  at  the  site  of  rooting  in  a higher  concentration  than  in 

surrounding  tissues  and  this  could  have  had  an  influence  on  mobilization. 

From  the  data  it  was  evident  that  the  total  amount  of  radioactivity 

in  the  cuttings  decreased  with  time.  The  decrease  that  occurred  during 

the  four  days  following  initial  treatment  was  probably  due  primarily  to 

leaching  of  the  labeled  solution  from  the  cuttings  placed  under  intermittent 

mist,  although  there  was  some  decarboxylation  of  the  NAA.  As  was  shown, 

the  subsequent  disappearance  of  radioactivity  was  due  to  enzymatic 

conversion  of  NAA  to  other  compounds.  This  was  supported  by  the  presence 
1 4 

of  C in  the  respiratory  carbon  dioxide  from  tissues  treated  with  NAA-1 - 

1 4 

C and  by  the  demonstration  of  other  metabolites  in  the  tissue  that 

arose  from  NAA-1 -C  . (Figure  14.)  Strydom  and  Hartmann  (I46),  working 

with  plum  stem  cuttings  treated  with  lAA  also  observed  that  the  total 

amount  of  radioactivity  in  the  cuttings  decreased  with  time.  The  sharp 

decrease  that  they  found  within  the  first  day  after  treatment  was 

reported  to  result  from  non-enzymat i c destruction  of  lAA.  With  tea 

tissue,  we  found  no  evidence  for  non-enzymat i c destruction  of  NAA. 

In  the  stem  sections  of  tea,  there  was  a predominantly  basipetal 

movement  of  radioactivity,  as  was  demonstrated  by  application  of  NAA- 
14 

1 “C  to  basal  or  apical  stem  pieces  for  short  periods  of  time.  This 
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was  in  accordance  with  the  findings  of  others  for  various  tissues 
(70,  81,  97,  98).  Only  0.06  and  0,1  per  cent  of  the  radioactivity 
lost  from  the  NAA-l-C*^  donor  block  when  it  was  at  the  apical  end  of 
stem  pieces  reached  the  receiver  block  for  Assam  and  Chinese  cuttings, 
respectively;  a large  percentage  remained  in  the  tissues  and  was 
immobilized  there.  But  in  both  types  of  stem  pieces  the  gradient  of 
acropetally  moving  NAA  declined  so  steeply  that  one  may  conclude  that 
NAA  is  not  transported  acropetally;  if  it  is,  it  is  in  very  small 
amount  s , 

Here,  as  noted  by  McCready  (104),  a discussion  of  the  means  of 
auxin  movement  seems  profitless  until  its  physiology  is  better  under- 
stood. However,  it  was  demonstrated  that  NAA  can  be  polarly  transported 
by  tea  tissues  and  that  it  does  accumulate  in  the  basal  portion  of  the 
cutting  where  rooting  normally  takes  place. 

The  experiments  dealing  with  decarboxylation  and  thin-layer 
chromatography  of  the  ethanol ic  extracts  suggested  at  least  two  pos- 
sible mechanisms  of  auxin  destruction  in  cuttings  of  tea.  One  was 
clearly  enzymatic  as  indicated  by  evolution  of  by  living  tissues. 

The  other  was  the  formation  of  retained  additional  tissue-products 

1 4 

from  NAA-1 -C  . Also,  no  liberation  occurred  when  the  labeled  auxin 
was  incubated  with  autoclaved  tissues  as  was  the  case  with  extracted 
decarboxyl  at i ng  systems  when  exposed  to  90°C  for  ten  minutes. 

In  some  reported  instances,  both  conjugation  and  degradation  of 
auxin  occurred  with  intact  tissues  but  only  degradation  occurred  in 
breis  (4)  and  this  was  the  case  with  tea  stems.  With  a reported  case 
in  pea  (4),  conjugation  appeared  to  occur  primarily  in  the  un- 
disturbed cortical  areas.  When  a brei  of  tea  was  treated  with  NAA-1 -C^^, 


no 


apparently  there  was  only  degradative  activity  by  decarboxylation. 
Andreae  et  a1 . (7)  found  similar  results  using  carboxyl -1 abeled  lAAwith 
breis  of  pea  roots  and  epicotyls.  No  attempt  was  made  in  the  present 
study  to  locate  the  tissues  involved  in  the  conjugat i onal  reactions. 

The  increased  destruction  of  NAA  that  occurred  by  eight  hours 
after  treatment  probably  was  the  result  of  substantial  amounts  of  auxin 
having  reached  the  secondary  phloem  and  the  cambial  zone,  where  it  came 
in  contact  with  a large  number  of  living  cells  capable  of  metabolizing 
it.  This  explanation  seems  reasonable  since  measurements  of  the  radio- 
activity of  respiratory  CO^  showed  that  short  stem  pieces  floating  in 
an  NAA  solution  had  an  initial  lag  period  for  the  production  of 
that  was  not  present  with  breis  of  similar  materials. 

Previous  work  on  the  uptake  of  auxin  by  plant  tissues  has  been 
reported  by  others  (2,  84,  125).  In  the  case  of  the  work  by  A1 baum 
al.  (2),  they  concluded  that  lAA  tended  to  attain  only  a diffusion 
equilibrium  between  external  solution  and  plant  tissue.  This  was  not 
confirmed  in  the  present  work,  and  it  was  clearly  shown  that  auxin  (NAA) 
was  actively  accumulated.  The  present  tests  are  in  agreement  with  the 
conclusions  of  Reinhold  (125)  and  Johnson  and  Bonner  (84)  that  the  up- 
take of  auxin  by  plant  tissue  consists  of  at  least  two  separate 
components.  An  initial  rapid  absorption  that  was  completed  in  the 
case  of  tea  stem  sections  in  four  hours  or  less.  This  could  be  diffusion 
into  the  free  space  of  the  tissue.  NAA  taken  up  by  the  tissue  in  this 
way  was  free  to  diffuse  out  or  to  be  exchanged  by  unlabeled  NAA.  A 
second  component  was  apparently  metabolic  uptake  for  there  was  a fraction 
of  NAA  that  was  not  readily  available  for  diffusion  or  exchange  by 


un1abe]ed  NAA.  This  accumulation  took  place  steadily  over  a period  of 
hours.  Apparently,  this  was  a fraction  that  was  in  the  cytoplasm  in  a 
free  or  metabolized  form. 

The  differences  in  the  liberation  of  NAA-l-c’^  by  the 

tea  system  with  variations  in  pH  showed  the  characteristics  of  an  enzymatic 
reaction.  For  this  particular  enzyme  system  from  tea  tissues,  pH  6.0 
appeared  to  be  optimal.  However,  a comparison  of  three  buffer  systems 
indicated  that  the  nature  of  the  buffer  had  an  influence  on  the  relation 
of  the  enzyme  systems  and  pH.  Thus,  the  type  of  buffer  may  influence 
the  optimal  pH,  as  occurred  with  the  Assam  brei  preparations.  This  ap- 
parently is  rather  common  with  enzyme  systems  (123). 

As  reported  by  Klambt  (87),  who  studied  the  formation  of  metabolic 
products  from  labeled  lAA  and  benzoic  acid  supplied  to  wheat  coleoptile 
tissue,  and  the  present  work,  at  least  five  reaction  products  were  formed 
when  tea  stem  pieces  were  treated  with  NAA.  With  I sopropanol :NH^ : H2O 
(8:1:1,  v/v/v)  as  the  solvent  system  for  TLC  (I86),  products  were  found 
at  Rf'^  corresponding  to  NAA-amino  acids  conjugates  of  NAA,  an  ester  of 
NAA,  naphthylacetyl  glucose  and  naphthyl acetami de.  Later  with  Isopro- 
panol :H20  (8,5: 1 .5,  v/v)  as  the  solvent  system  (15),  a conjugated 
product  of  NAA  with  alanine,  probably  by  means  of  a peptide  link 
established  between  the  carboxyl  group  of  the  auxin  and  the  amino  group 
of  alanine,  was  found.  Products  of  NAA-aspartic  acid  and  NAA-glutamic 
acid  have  been  reported  for  other  plant  species  (87,186),  However, 
with  tea  stem  pieces  there  did  not  seem  to  be  present  conjugates 
between  NAA  and  aspartic  acid,  and  NAA  and  glutamic  acid,  at  least 
after  a three-hour  incubation  period  of  tea  tissue  in  NAA-l-C*^. 


SUMMARY  AND  CONCLUSIONS 


1-  A study  was  made  to  determine  the  influence  of  o^-naphtha- 
leneacetic  acid  (NAA)  on  the  rooting  of  Assam  and  Chinese  types  of  tea 
(Camel  1 i a si  pens  i s . (L.)  0.  Kuntze) . Using  clonal  material  from  both 
types,  it  was  established  that  NAA  stimulated  rooting  of  Chinese  types 
of  tea  cuttings  to  a greater  extent  than  it  did  the  Assam  type  of  tea. 

This  included  a greater  number  of  roots  and  a faster  rate  of  rooting, 

A significant  characteristic  of  the  NAA  treatments  was  the  relatively 
strong  concentration  (10,000  ppm)  needed  for  the  optimal  rooting  of  both 
types  of  tea.  This  indicated  a problem  with  either  uptake,  translocation, 
detoxification,  or  tissue  sensitivity  to  NAA  or  a combination  of  these 
factors . 

2.  The  origin  of  adventitious  roots  in  stem  cuttings  of  both 
types  of  tea  originated  in  the  phloem  initials  (phloem  "mother"  cells). 

The  first  cell  divisions,  leading  to  root  primordia,  took  place  between 
five  to  six  days  after  NAA  treatment. 

3.  The  absorption,  translocation,  distribution,  and  destruction 
of  carboxyl ”1 abel ed  NAA  (NAA-l-C^^)  in  Assam  and  Chinese  tea  cuttings, 
were  determi ned  by  using  autoradiographic,  chromatographic  and  liquid 
scintillation  techniques. 

4.  The  amount  of  NAA-l-C^^  taken~up  by  Chinese  cuttings  was 
greater  than  that  of  Assam  cuttings, 

5.  The  basal  part  of  both  types  of  cuttings  still  showed  ap- 
preciable amounts  of  radioactivity  eight  days  after  treatment. 


112 


113 


1 4 

6.  The  polarity  of  transport  of  NAA-i -C  in  tea-stem  pieces  was 
bas i petal . 

7.  The  uptake  of  NAA  depended  apparently  on  two  processes.  The 
first,  consumated  in  about  four  hours  or  less,  resembled  a diffusion 
into  the  tissue  because  the  NAA  taken  up  by  this  process  was  readily 
leached  from  the  tissue.  The  second  component  of  NAA  uptake  was  a 
continuing  absorption,  maintained  at  a steady  rate  for  the  duration 

of  the  treatments  (24  hours). 

8.  The  decarboxylation  of  NAA  by  tea  tissue  was  established. 

The  amount  of  C^^02  evolved  during  a period  of  three  hours  of  incuba- 
tion was  0.11  per  cent  of  the  tissue  fraction.  However,  over  a period 

of  several  days  the  NAA  destroyed  in  this  manner  could  be  considerable. 

1 4 

9.  The  cuttings  treated  with  NAA-1 -C  showed  detectable  amounts 
of  radioactivity  in  the  respiratory  CO2  within  one  hour  following 
treatment.  Within  eight  hours  the  C^^02  evolved  reached  its  peak,  and 
after  24  hours,  these  values  had  decreased  appreciably. 

10.  Both  conjugation  and  degradation  of  NAA  occurred  in  intact 
tissues,  but  in  breis  of  tea  tissues  only  degradative  activity  was 
observed. 

1 4 

11.  The  NAA-1 -C  degradated  by  intact  stem  pieces  varied  with 

the  type  of  tea  and  the  age  of  the  tissue  treated  with  auxin.  The 

I4 

Chinese  type  of  tea  yielded  less  C O2  by  decarboxylation  than  the 
Assam  type.  In  both  types  of  tea,  the  older  stem  tissues  decarboxyl ated 
NAA  to  a lesser  extent. 

12.  When  intact  tissues  from  both  types  of  tea  were  treated  with 
NAA-1 -C^^,  there  was  a difference  in  the  lag  period  for  production  of 


the  auxin  complexes.  Within  three  hours  after  the  start  of  incubation 
of  stem  tissues  in  NAA-l-c'^,  the  Assam  type  showed  greater  amounts  of 
conjugated  products  than  the  Chinese  type, 

13.  Intact  tea-stems  treated  with  NAA-l-c'^  yielded  at  least 
five  reaction  products  after  three  hours  of  incubation. 

14.  Of  the  three  amino  acids  (al ani ne-C* aspartate-c' ^ and 
gl utamate-c' tested  for  possible  conjugation  with  NAA  only  alanine 
seemed  to  conjugate  with  NAA  in  tea  tissues  in  a three-hour  period  of 
time. 

15.  The  formation  of  the  NAA-alanine  derivative  could  have  a 
role  in  the  detoxification  of  NAA. 

From  the  results  of  the  comparative  studies  between  the  two  types 
of  tea,  Assam  and  Chinese,  it  was  established  that  the  greater  rooting 
response  to  NAA  obtained  v'ith  the  Chinese  in  relation  to  Assam  was  due 
to;  1)  a greater  amount  of  auxin  taken  up  by  the  Chinese  type  of  tea, 
and  2)  the  NAA  taken  up  remained  unaltered  for  a longer  period  of  time, 
undergoing  less  degradation  and  conjugation  at  the  site  where  the 
adventitious  root  differentiation  takes  place  with  Chinese  type. 
However,  with  both  teas,  the  high  concentration  of  NAA  required  for 
rooting  was  probably  due  to  metabolism  of  the  applied  synthetic  auxin. 
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